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Bout one-fifth of all energy used around the world now comes
from solar resources: wind power, water power, biomass, and .
" direct sunlight. By the year 2000, suc renewable "energy
. sources could provide 40 percent of the global energy
" budget; by 2025, humanity cou d'obtain 75 percent of.its ener from.
- solar resources. Such a transition would not be cheap or easy,g.{:ut its
_ benefits would far outweigh t aucosts and difficulties. The proposed
. timetable would require an un recedented worldwide commitment of
' ‘resources and talent, but the consequences of failure are similarly un:
- Krecedented. Every essential feature of the proposed solar transition} -
*. has alreddy proven technically viable; if the 50-year timetable is
. met, the roadblocks will have bleen political—not technical.!
N . . \ h . .
" Different solar sources will see their fullest development in different
. regions. ‘Wind power potential is greatést in“the temperate zones -
- while biomass flourishes in the tropics. Direct sunlight is “most in-
‘tensg in“the cloudless desert, while water power depends upon moun-
_ “tain’ rains. However, most countries have some potential to harness
all these renewable resources, and many }ands have begun to explore

"~ the feasibility of doing so.2 ' 7 <

’ A ﬁ\ajor energy trénéjtior‘ of some%\@/nd? is inevitable. For rich“ands!» .
and r alike, the en:?y patterns of past are not rologjv‘ to

the future.. The oil-based societies of thindustrial werld canngt be
“ gustained and cannot be replicated; their spindly foundations/ an-
- chored in the shifting sands of the'Middle East, have begun to érode.
= ,Untl recently most r countries eagerly looked forward to entry.
;. into the-oil era With its Qi‘rplams,, iesel tractors, and ubiquitoys
i automobiles. However, the ‘fivefold increase in oil prices since 1973

wvirtually guarantees that the Third World will never derive most of its

7l:




" sions is cumu

- €Oz would increase about 4 percent a year; suc

. 15,000 reactors as large-as the biggest buil*wou

r

inergy from pem;le-um. Both wor|ds thus face an awegome discon-
tinuityin the production and use of energy. - :

*In the past, such energy transformations invariaBly‘produc/ed far-
texching social chanige. The 18th-century substitution of /coal for

® wood .and wind in Europe, for example,. accelerated and refashioned:

the industrial -revolution. Later, the shift to petroleum altered the
nature of travel, shrinking the planet and reshaping its cities. The
coming energy transitgm can be counted upon to fundamiyntally alter
tomorrow’s’ world. Moreover, the quantity of.energy avgilable may,
in the long ren, e‘su'ove much less important than where and how this
energy is obtained. - ' ‘ - ' . ‘

-~ L]

. Since man; energy sources besides the sun could replace oil and gas,
- we need to kriow now what consequences the choices we make today -

will have in 50 years. While we can obviously possess ng. detailed
.information about the stafe of the world 50 years from now, even
rough calculations . may, Yyield insights of importance for energy"
licy. If we optimistically assume that the world’s population will
evel off after one more doubling and:stabilize at eight billion by .
2025, and if we conservatively assume that per capita energy use wirl

. . then amount to one-third the eurrent U.S. level, we can broadly assess

different ways of trying to meet this aggregate demand.?
If this energy were all provided by coal, an absolutely intractable
problem w”ourd result. Coal combustion necessarily produces carbon
‘dioxide and adding CO: to the air. raises the earth’s temperature by
.retarding the radiation of heat into-spate (a phenomenon known as’
“the greenhouse effect). Since CO: remains in the atmosphete for
hundreds or. perhaps thousapds of years, the'impact of CO: emis-
mive and irreversible on any relevant time scale. At our

projected level of coal consumption, the atmosﬂ’_teric inventory of
growth in atmos-

‘pheric carbon dioxide Would, virtually/all meteorologists agree, soon - .
alter the heat balance of the entire plan¢t dramatically. | »

If the postulated energy demand. were\met with nuclegr fission, about -




. 0 o oY :
structed—one néw reactor a day for 50 years. Sustaining these rejc-
tors- would require the recycling of 20 milon kilograms f plutonigm

;' annudlly? Every, year, enough plutonium would be recycled agotind 7

the world to fabricate four million Hiroshima-size bo
progpect canfot sanely be greeted with equanimity.

Nuclear Puilon is a speculative technology;, No one knows what it
wlﬂ'gﬂ, it wiﬁ work’, or even whether 1t¥Vill work. The deuteri- .,
* um-titium reaction—the “simplest” fusion reaction and the focus of
_ almost all current research—will Srodpcc large amounts of radioactjve
«waste and ‘can be sed to bieed plutonium. Some advanced fusion
thlehmt notably those that would fuse two deuterium nuclei or
that would -fuse a proton with a boron atom—could, theoretically,
provide a nearly inexhaustible supply of relatively clean power. But
“such reactions will be vastly,-more difficult to achieve than the deu-
_tertum-tritium reaction. In short, there is no chance that most of ¢he
" world's energy demand will be miet by fusion in 2025.4 .
Thus we are left with the solar options: wind, falling wifpr, biomass, !
and direct_sunlight. Fortunatély, they are rather attractive. Solar’.
urces_add no new heat to the global errvironment, and—when in *

librium—they make no net contribution to atmospheric earbon

« dioxide. Solar technolo?ies fit well into a political system that empha-

"i}zes decentralization, pluralism, and local control.

‘Sunlight is abundant, dependable, and free. With some minor fluctu-
ations, the sun has been bestowing its bounty on the earth for more
than four -billion years, ‘and it is ex to continue to do so for .
several billion more. The sun’s incofstancy is gional and seasonal,
not arbitrary of political, and it can. therefore be anticipated and
s ¢ . . .
‘p!ann'ed‘fpr. | | _ . L -,
Qur ancestors captured the sun’s energy indirectly by gathering wild
vegetation. Their harvest became more reliable with t{e revolutionary
shiff to planned cultivation and the domestication of animals. As -
- civilization developed, reliance upon Yhe sun grew increasingly cir-:
. cuitous. Slaves and draft animals provided a roundabout means of
Jharnessing large quantities .of phbtosynthetic energy. Breezes and

’
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currents—both solar-powered phenomena—drove mills and invited
overseas travel, '

" In earlier eras, people were intensely aware of the sun as a force in

their lives. They constructed buildings to take advantage of prevail-
ing winds and of the angles at which the sun’s rays hit the earth.
Tfey built industries near streams to make power-generation and
transport easier. Their lives revolved around the agricultural, seasons.
In the 14th century, coal began to contribute an increasing fraction
of Eu'ro(rc'l energy budget—a trend that accelerated greatly in the
18th and 19th centuries. During the past 75 years, oil and natural gas
becime the principal energy sources in the industrialized world. In
the fossil fuel era, the sun has been largely ignored. No nation in-
cludes the sun in its official energy budget, even though all other
energy sources would be reduced to comparative insignificance if it
were. We think we heat our homes with fossil fuels, forgetting that
without the sun those homes would be -240° C when we turned on.

.

our furnaces. We think we get our light from electricity, forgetting)

that without the sun the skies would be permanently black.® .

* ~
About 1.5 qhadrillioﬁmegawatt-hou'rs of . solar energy-arrive at the
earth’s outer atmosphere each year. This amount is 28,000 times
greater than all the commercial energy ‘used by humankind. Roughly
35 percent of this energy is reflected back into space; another 18

percent is absorbed by the atmosphere and drives the winds; and

about 47 percent reaches the earth. No coufitry uses a5 much energ

as is contained in the sunlight that strikes just its buildings. Indeed,
the sunshine that each year on U.S. roads alone contains twice
as much energy as Mbes the fossil fuel used annually by the entire
world. The wind power available at prime_sites could produce several
times more electricity than is currently generated from all sources.
Only a fraction of the world’s hydrog»ower capacity has been tapped.
As much energy could be gbtained from biomass each year as fossil
fuels currently provide. - -

. ' \ . ‘
How easily and cheaply these vast energy soyrces can be h sted is
disputed. Opinions naturally rest heavily upon the questqs‘asked
and the agsumptions made. How much distance can separate an ener-

el 1o ‘ |
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. “No country uses as much energy as is
~ contained in the surntlight that strikes
'\ just itr buildings.”

N

gy facility and its potential users? Will people and industries migrate
! o, take advantage of new energy sources? Should only -huge, utility-
+ scale sites be considered or should' individual and community-sized
. "sites be counted as well? What limits will environmental, political, and
s mtlmic'hcmn impose? ‘ ’ .

Past efforts to tap the solar flow have B&n thwarted by unreasonable
. economic blases. The environmental. costs og conventional fuels, for
- .example, have until recently been largel{y igndred. If reclamation were °

tequired of strip minin? companies, if power plants were required
to stifle their noxious fumes, if oil tankers were prohibited from
' fouling the oceans with their toxic discharges, if nuclear advocates
"# wete forced to find & safe way .to dispose of long\lived radioactive

wastes, tonventional power sources would cost more\and solar equip-
. ment would be more ecopomically competitive. As such con:(.‘u've
< been increasingly “internalized,”” conventional- sources have grown
- more expensive and solar alternatives have consequently become
° more credible.’ s ‘ ' * .

Moreover, fuel prices long reflected only the costs of discovery,. ex-
4 traction, refining, and delivery; they failed to include the value of the
~ Yfuel itself. Over the years, improvements in exploitation techniques
drove fuel prices relentlessly downward: but these low prices were
- chimerical. Although, for example, U.S. oil prices (corrected for inflas -
tion) fell 37 percent in the 25 years between 1948 and 1972, the na-
tion was living' off its ‘energy cdpital during this period—not its in-
terest. The world has onl?' a limited stock of fuel, and it was only a
matter of timgbefore’that uel began to run out.* .

Unlike finite fuels, sunlight is a flow and not a'stock. 'Once a gallon
of oil_is burned, it is gone forever; but the sun will cast its rays ,
earthward a billion years from now, whether sunshine is”harnessed

+ ~wday for haman needs or nqt. Technical improvements in the use of .
sunlight’ could lower prices permanently; similar technical improve-
‘ments in the use of finite fuels could hasten’their exhaustion.

’ Tﬁe current world economy was built ‘upon’ the assumption that its
, limited resources could be expanded indefinitely. No “nation charged

) . 11 ‘&
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. OPEC:style severance royalties when oil was removed: from the earth;
" o depletion allbwances were granted to those who exploited it. No na-
lo tion charged a regsonable “'scarcity rent” for fuel: the needs of future

nds of single-resourse nations with legitimate worries about Jheir
-range futures, prices have increased fivefold in five years. JAs a

. ‘consequence, solar energy is rapidly shaking off the false ecoflomic
constraints thet previously hindered its commercial development. In

, ' t maining supply of easily obtainable hi h-grade fuel is mostly ?the

1976; the United States produced one million square feet of solar

> collectors; in 1977, the figure is expected to triple.® 0

) 1
Since sunlight isgubiquitous and can be used in decentralized facilities,
many. proposed {solar options would dispense with the expensive
, transporta agd distribution networks that encumber conventional
.energy systems.”® The savings thus obtained can be substantial;
transtnission and distribution today account for about 70 percent of
the cost of providing electricity to the average U.S. residence.' In
addition, line losses during electrical trapsmission may amount to
several percent of all the energy produced, and the unsightly trahs-
mission tendrils that link centralized energy sources to their users
are vulnerable to both natural disasters and human sabotage. ‘

. Probably the most important element in a successful solar strategz
. is the thermodynamic matching of appropriate energ{ squrces wit
. compatible uses. The quality of energy sought from the sun and the
o costs of collecting, converting, and storing that energy usually cor-
. * relate directly: -the higher the desired quality, the higher the cost.
. Sources and uses must therefore be carefully matched, so that expen-
sive, high quality energy is not wasted on jobs that do not require it.!?

» " No country has undertaken a comprehensive inwentory of the quality

of energy it uses throughout its economy. Moréover, the energy cur- .
rently employed for various tasks is often of far higher .uali?' than'
rees -

necessary. The use of nuclear reactors operating at a million
Cw e electricity to run residential water heaters ‘to provide bath
* water at 30° C is surely the height of thermodynamic foolishness.

R -
Yoo
> ' . )

‘.v_::;._-:v
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. generations were discounted to near zero. Now that the world's re-
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ifJary calculations spggest that roughly ‘34 peicent of end-use™ _
zm mwthe Unitéd Stateg is employed asg heat at temperatures under
“C; .much of this*energy heats buildings and provides hot 'water. 11
other24 percent is for heat' at temperatures. of 100°C or higher, "~ |
‘miich ‘of it for-industrial processes. Thirty percent of end-use-energy
is.employed to power the trapsportation system? 8 percent is used as .
electricity-and 3 percent as. miscellaneous mechanical work. In Can- .

ada,’ a-"stgmewhat higher . percentage is used for low-grade heat' and
somewhat . léss is used for transpottatign. Although both countries.
are highly industrialized, highly mobilé, and have high- energy use-

/GNP ratios, most of the energy budgets of both' could easily and *
‘¥economically be met using existing solar technologies.’ * | : , \(
o .. : . N IR : = "
- Cheap, unsophisticated, collectots can easily provide’ temperatures up - . ‘
“to 300 C._Selective. surfaces—thin, ‘space-age coatings that absorE . '
““much. sunlight but re:radiate negligible heat—greatly increase’ \SS/‘ , .
““températures that:collectors can .attain. Because air conducts andl co o
- “wécts’ heat,s high-temperature collectors are often sealed vacuums. Fo-
:-cusing. collectors, which use lenses or mirrors to focus sunlight into a
~small target area, can obtain still higher temperatures.- The French - . -
""solgr furnace at Odeillo, for instance, can reach temperatures of about - .

~.3000°C. . SRR

e . . fad . -

. Solar thermal-electric plants appear economically sound, especially
" when operated only to meet daytime peak deménds or when crossbred
with-zexisting plants ‘that use other fuels for night-time power pro-
»,duption. Ocean' thermal facilities may be a source of base-load elec-
_ tricity in some coastal areas. Decentralized ‘photovoltaic cells will be -
the ‘most "attractive spurce of solar electricity if the cost reductions
commonly projected materialize. ' . '

, S w : T - :
Wind power can be harnessed directly to.genérate electricity. But
“because electricity is difficult to store, some wind turbines might best
_be used to pump water into reservoirs or to compress air. The air and
““water can then be released as needed to generate electricity or to_per-
~ form mechanical watk. Energy ‘from intermittent sources like wind
machines. can also be st as high temperatufe heat or in chemical - .- -~
* fuels, flywheels, or electrical batteries. . . S
p . . I ’ 4 P .. :
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"« v politidal ramifications.!

. needs. Such, sources can provide liquid'and’
= 70 - direct. Heat- and~electricity. Particularly attractive in;a solar economy
-, % would be the use of biomass for the co-generation;of electricity and

P

N

B ,‘_" R T - ;_ . ,

.
L. o o

orld’s current energy -

crops, coyldsby themselves yigld much of th ‘
eous fuels as well as

e . - . R T ;4'.# S .
* *Biological energy sources, which include botiﬁ organic wastes and fuel

)

industrialproces$ steam. : N i

»

While .no single solar technolo;y can meet humankind’s total.demand

-~ for enprgy, a combination of ‘solar sources can. The transition te a

solag. era can bé begun tdday; it would be technically feasible, -eco-
nomically sound, and environmentally attractive. Moreover, the most

. intriguing aspecf of a solar transition might lie in its social and-

T a. .

[

. ‘Most policy-analyses do not encompass these,?éial consequences. of
instead on the naive .

-energy choices. Most enefgy ‘decisions are base
.assumption that competing sourceés are neutral and interchangeable.
As defined by most energy experts, the task at hand is simply to ob-
tain enough energy to meet tﬁe projected demands at as low a cost

-as possible. Choices genarally swing on ‘small differences in- the.

marginal costs of comipeting potential sources*” .

But energy sources are not neutral and interchangeable. Some energ
soutces”are netessarily centralized; others are necessarily dispersed.
Some are exceedingly vulnerable; others are nearly impossible to dis-

. «rupt. Some will produce many new jobs; others will reduce the num-

ber of people employed. Some will tend to diminish the gap between
rich and poor; others will accentuate it. S§me inherently dangerous
sources can be permitted widespread growthpnly under authoritarian
. regimes; others can -lead to nothing more dangerous. than .a leaky -
roof. Some sources can be comprehended only by the worlds most
elite technicians; others can be assembled in remote villages using
local labor and indigenous materials. Over time, such considerations
may prove weightier than.the financial criteria that dominate and
limit current energy thinking. : :

" Appropriate energy sourcés are. necessary, though not sufficient, for '

the realization ‘of /important social and political goals. Inappropriate
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Ta00 . ”Most energy decisions are based on the _

" naive assumption that competing sources

L3 Tt .

_;.__'j._‘.‘;i,: o o A
enefgy sources c;ix'ldg‘ma_ké'at'ta_ining_x such. .
ade today about energy sources fwill, more than most people im’a%-
ine,, determine/ how the:world will look a.few*decades hence. While

sene:‘msts«, the crucial decisions will be political.-

0 ] PEREE ’ [ . * :
“The kind of world that could devélop araund energy sources that are
efficient, .renewable; decentralized, simple, and sa%e cannot be fully
,Hi_sual_izevd,ftdm'our,rigsen_t vantage point.: Indeed, one_'of the most
attractive promises o
design than is affgrded by their alternatives. Althoughcenergy sources
‘may not dictate tl% '

s

ism. All’,ﬂ'l all, solar resources.could power a rather attractive world. .

e
o . . . ’ > o ) . P “0 . 2
./ 'Solar energy is' most easily cap.tured_',_é’so ‘low-grade ¥€at: Development

- -of the flat-plate collector that is used to catch such heat 15 generally
‘credited to the 18th century Swiss scientist Nicholas de  Saussure,

" /with a black bottom and-a glass_top. Fhe-prirtiple uséd by de Saus-
/" “sure is simple: glass.is.transpéarent to_suhlight but ot to the radiation

of longer-wivelengths given off by the hot collector itself. Sunlight
- . flows easily through the glass' top' into the collector where it.is

oals _i'mﬁbs_sib_le.'z-De_cisior.\s L

ergy: poli¢y has beent dominated by the’ thinkjng-of economists and -

such Ssources is a far greater flexibility in social ’

.who obtained temperatures over 87° C using a simple waoden box -

are neutral and interchangeable.” .

e thape of society, they dolimit its range of possi- *
bilities; -and ‘dispersed solar ‘sources are more o:'ompat-ibleé han cen--. . "
‘tralized -t hnol'oFies'with social equity, freedom, and ‘cultural plusal- .

- trapped as heat. The modern flat-plate collector operates on this same -

basic_ principle, although improved materials achievé much higher’

- temperatures and are more durable. Simple and €as -to-make solar
‘collectors could supply. heat now provided by hig -quality fuels.

‘More than one-third of the energy budget of all nations is spent fo ‘

. produce heat at temperatures that flat-plate solay: collectors.’can
achieve.t®” | o B e -

. . ‘. e . L . ¥ - . .
~~ The simplest task to accomplish directly with solar power is” heating’
, . water; and solar water heaters. are being uti!ized, in many countries.
i _‘Mor_e,than,two' million been}._sold( in Japan, and, tens. of thou- =



sA

:a'i",_e;"i{\_usﬁn Israel. In the femote reaches of northernAustralia,
els ar® expensive, solar water heaters-are required by law on

w. buildings. :Until replaced by cheap natural gas, solag water - -
‘Heters'were much used in California and in Florida; Miami alone had’
““'about 50,000 .in" the early 1950s. Since-1973, interest in solar. water

" .heaters has rekindled in many parts of.the world. In poorer countries,

.- cheap. hot water can.make a significant contribution to public well- L
being: hot water for dishwashing and bathing‘can reduce the'burden . ;
4. of -infectious - diseases, and”clothes’ washed with hot water and soap * °
" " outlast clo‘th"es beaten clean off rocks at-a river’s edge. o

Sunlight can-also be used.to heat kxjildings._-AlLbﬁildings, receive-and

ap radiant energy from the sun.Warming'a home on a winter day,
‘heat may be desirable; but it can constitute indecent exposure,
" brpiling gnd embroiling -the occupants of. an all-glass office bujlding ‘@
" il mid-#Mmmer. Solar buildings, esigned to anticipate the amount of .
- dolar energy availabl® in each seaosh.put sunlight to work.- To har-
" /ness diffuse solar energy to.meg ilding’s needs, options that vary
" in efficiency, elegance, and expegg# ‘an be employed.te . .

Solar heating systems for buiﬁings-can be either: “active” or "pas-
- sive.” In active systems, fans.and pumps move air or liquid from
a collector first to a storage area-and then to.where it is needed. Pas-
- sive systems store energy right where sunlight impinges .on the build-- -
- ing’s structural mass; such systems are. designed to. shield the struc-
ture from unwanted summer-heat while capturing and retaining, the .
_sun’s warmth during the colder months. Passive solar buildings act
as ’thermal flywheeﬁ,".sr’noothing the effects of outside temperature -
" fluctuations between .day and night—a principle as old as SF ancient
t - thick-walled structures of Mohenjo-Daro in the Indus Valle;and the
. adobe Indian: pueblos in the American Southwest. Although more
¥ . money and. attention has been lavished upon active systems, many - .
. . tof the world’s most successful solar buildings employ simple, inex-:
' pensive passive designs. o ' -

In the latitudes that iirdle'tl{e Earth between 35° N and 35°S, roc:)'fS'
" of buildings can-be built to serve as passive solar sfora?e devices. '
For this region, American designer Harold Hay has built a “'sky- -

-
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. therm’ Fl'ousg,'_ the ﬂat,l%a%f: whi¢h is covered.by large polyethylene

“* bags filled with. water., radroitly manipulatin “slabs of ‘insulation .
- over. the Toof .during the c{a,y.or night,“Hay cagi heat the house ifi the 15

winter and cool it in the summer. A.K.N. ‘Reddy and K.K. Resad at

the Indian Institute of Science in Bangalore, ave suggested a similar, .

“" " but less expensive design for pdor countries; their model uses rooftop -~
Bondsofwaer.

,,;ln'\latitudesv above 35° either north or‘south, a flat roof can catch™ .

> Jessand less of the low winter sun. Vertical walls and steep roofs are

‘hore effective solar collectors in these regions than are flat roofs. In.

“. “France, Felix Trombe and Jacques “Michel have built several solar

" houses, each with a-glass wall facing south and a thick concrete wall,

.. " located a short distance inside the‘glass. Openings near the top and -
.. bottem of -the concrete walls créate a matural circuldtion pattern as hot . . *
+*", air 'rises. and ‘moves into the living areas while cool ;ir ﬁows through

" the bottom opening into the solar-heated spacé between the glass and

" the concrete. During the summer, when additional heat is unwanted,
* . the top. air passages are closed and the rising air is channeled. outside.

. ‘This_same approach .has been successfully employed by Doug Kel-

.. baugh in his_passive solar house in Princeton, New Jersey. . - .

"In addition to such passive appgpaches, hundreds of active solar— *
heating systems have been built, ‘using a variety of collectors and )
storage systems. Each ' technology stresses certain features—good '
-. . performance, rugged durability, attractive appearance, or low cost— .
. " +each of which is often achieved at the sacrifice of others. The US..
*effort has been by far the most expensive and ambitious, though im-
portant work has been done in the Soviet Union, Great Britain, Aus-
tralia, Japan, Denntark, Egypt, and Israel. T e

_, Flat-plate “solar collectors suffice #r normal heating purposes. After

. “heat has.been collected and then transported ‘to storage reservoirs,

most active solar, heating systems use conventional technologies
(water radiators or forced-air ducts) @ deliver it to the living areas as

neéded. . - R

" Solar collectors’ are being uséd in diverse locaﬁons to heat buildings. . '«
" The tqwﬁ of Mejannes-le-Clap in southern France has announced

S . e
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.. heated communities, 3s well .as ' individual schools, meeting halls,
16 :office buildings, -and” evéh- hamburger stands, are now under con-
“struction.. Saudi “Arabia plans to build a new town at Jubail, using
~sufilight' for heating, for cooling, and for running watet pumps; thg
“Saudis are riow also building the world’s largest solar-heated building

—a 325,000 square;foot athletic fieldhouse—in Tabuk. :

—

-Storing- heat for ‘a.co_p‘ple of ‘da}s is ‘not difficult;” heated water or.
if a

‘melt ard then release it when they re-solidify,can reduce t
mum storage volume needed by a factor.of six. The most serious
problems plaguing the storage of heat in phase-changing. eutectic
salts have'been overcome, according to Dr. Maria Telkes, a leading
-*.. American expert in solar thermal storage.?’ S

B the 1940s, the Japanese built an energy storagé system that
»workéd on an annual cycle. During cold months, heat was. pgumped. .-
from a large container of water; by the end of the winter, a huge

. """ block of ice had -formed, into which excess building heat was cast

'during the summer. The Japanese concept was recently revived by
Harry Fischer of the Oak ‘Ridge National Laboratory in Tennessee.

“ 7. Fischer-found that when combined with a solar collector, a radiator,

. -and an efficient heat pump,.such an annual storage system can per-
v, form’ admirablr‘-over a wide range of climates. Fischer’s «prototyﬁe ‘
e

- worked so well that several private companies decided to develop t
" ‘concept further.!® o o R
. . - © “-
Many simplé solar technologies'can be used to codl buildings. Simple «
_ceiling vents may ‘suffice to.expel hot, air, at the same time drawing® ,
- = cooler air up from a basement or well. In dry climates, evaporative -
coolers. can be used to chill the air.. In more humid areas, solar-ab-
' sorption -air conditioners may be needed. The logical successors to
. contemporary cooling units, solar air conditioners are currently being
. - developed in Japan and the United /States. While early solar air
conditioners required heat at about 12¢° C for optimum .performance,
a Japanese company has-developed a {unit that operates satisfactorily

R T

“s- gravel 'will'do the job if a large insulated storage'bin is used. Eutectic
‘salts, substances that absorb .prodigious amounts of heat whigiliihey.
he™mini-. - -

: slans to obtain most of its heat from l’?\_e sun. Several U.S. solar-- -

%
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e , " < “Thedayis dawning when heating

O ~ " and cooling self-sufficiency will be an
e v econemical option for most new
ik T S buildings.”

at. 75° C—a’ temperature any commercial solar ¢ollector can easily
*x'x\u?ter.'Portuitously, solar fair conditioners teach peak cooling capa-
city . when the .sun burns brightest, which is when they are most

‘mands-on mary electrical po@r grids. As cost-effective solar air con-
ditiotiers feach the market, the overall. economics of solar systems will
imptove because the collectors will begin providing a year-round
“benefit® . . B

Py -

3

feqﬁnolo'gie_S ‘100 percent of the heat buildings need." It is- generally
cheaper at present to get supplementary heat during long cloudy peri-
ods from conventional fuels, wind power, biggas, or wood. Hawever,

‘while fossif"fuel prices can only climb. Moreover, major improvements
" "in the design of collectors, thermal storage systems, and heat-transfer
‘mechanisms: are being made. Indeed, the day is dawning when heat-

- ing and cooling self-sufficiency will be an economical option for most-

. "new buildings.” . -

- Solar heating systems aré most attractive when considered in terms of
“lifetime costs”’; ‘the initial investment plus the lifetime operating

needed. Consequently; solar al’r_conditidnen:s".'could reduce peak *de-’

It is harder'in temperate than in tropical re ions'to. ptovide,with solar .

when solar .equipment s mass-produced, “prices should plummet,.

17

costs of solar systems often total less than the combined purchase .-

~and operating costs of conventional heating systems. 'For example, -

recent U.S. studies have shown solar heating to be more economical

. than electrical heating except in competition with cheap hydropower.?

" Investments in solar technologies, can be mortgaged at a steady cost
.over the years, while the fuel costs of -alternative systems will rise at
least as fast as general inflation. In fact, the initial cost alone of solar
‘heating systems often amounts_to less than the .initial "cost of eléc-
trical resistance heating- if the cost of the building’s share of a new

t

ever, the cost of a solar heating system must be borne entirely by the
homeowner, while .a utility builds the power planj and strings the
power lines. The utility borrows money at a lower ‘interest rate than
" the homeowner can obtain, and it averages the cost of electricity from

power plant and. the electrical distribution system is included, How- .
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[8 - decades earlier so that true marginal costs are nevér compared.2!

"_Sblar'.,'heated. buildings are now commercially viable. Howewver, large,;
.+ scale changes in the housing industr?' are not accomplished easily—

i . witness the 30,000 autonomous building code jurisdictions in the

United States. The building industry is localized—even,the giant con- -

“struction firms each ‘produce fewer than onehalf of one percent of
“all 'units. Profit margins® are small, and salability has traditionally-
reflected the builder’s ‘ability to keep purchase prices low. Nonethe-
- less, a respected mdrket research organization, Frost and Sullivan,
... predicts. that 2.5 million U.S. residences will be solar heated and.

.. an’even more ambitious solar development program.2?

' cooled by 1983, and the American Institute of Architects has urged

Solar heating becomes even more attractive when it is crossbred with
. other compatiblé technologies. Its happy marriage to absorption air-
. f"“;:ndit_i_oners and: heat’ pumps has: already been mentioned. Green-
N juses too can be. splendid solar collectors, producing much more
. heat than they need in even the dead of winter, if they are tightly
“constructed, well insulated, and fitted with' substantial thermal stor-
age capacity. Wl;\iias many. old-style attached greenhouses placed

Sk

-
R

". demands on the h@Ming system of the main hquse, inexpensive solar

- greenhouses can atually furnish heat to the living area while they

. -extend the growing season for home-grown vegetables. A program to
build greenhouses for low-income families in northern New Mexico
‘out of local materials, low-cost fiberglass, and polyethylene has al-
ready proven successful. , ‘

-+ In addition to warming buildings, low-grade heat from simple solar
. devices can.also be used to dry-csops—a task that now often con-

- ‘sumes prodigious amounts of'prop?r)'ne and methane gas. Solar dryers

. .are now being used to remove moisture from lumber and textiles, as;
“well as' from corn, soybeans, alfalfa, raisins, and prunes. The sun has

always beerrused to dry most of the world’s laundry.
For moré than a century, solar advocags have'gathered crowds by
" cooking food with devices that use mirrors to intensify sunlight.

" the expensive new plant with that.of power from cheap plants built "

i

0"



‘Néw that. firewood supplies are growing scarte in many parts of the
Third. World, solar cooking is being taken more seriously. Although . -
.solar cookers proved popular’ in some village experiments: in t%e’ 9
1960s, . their high- cost, as-much as' $25 each, prohibited widespread
use. Today, however, cheap new eflecting materials- like aluminized

ylar can be ‘stretched over inexfnsiye locally-made frames. In popr -~
ountties, solar cookers will bg ly supplementary devices for now,
ince these méchanisms cannot fdnction at ‘night-or in cloudy weather-
and-since storing high-tempefature heat - is’ expensive. But if heat
‘storage technology advances, solar stoves and ovens ‘may play an in-
‘creasingly important role in ricl and poor-countries alike. |
. Lo . . . B ' . v - o
. Golar- technology now also encompasses desalination devices that = ¢
_evaporate fvater to separate ‘it from salt. In ‘the late 19th century, a” ’
‘huge solar desalination plant #ear’ Salinas, Chile, provided up to
+.6,000 gallons of‘sh water per.day for.a.nitrate mine. Recent re-
.- search "has led to major improvements in the .technology of sola

desalination, especially to improvements in ”multiple-e%_ect” solar
> - stills, Today, this s®R-driven process holds: great promise, especially
. *_ in_the Middle East and other arid regions. A small Soviet solar de-
~“salination plant in/the Kyzyl Kum Desert in central Asia now pro-

" duces four tons of fresh water a day.® - ' N

- "Relatively low temperature sources. of ‘heat can also_be used to op-
©  erate pumps and engines. In the 1860s, ' Augustin' Motichot, a French
. physicist, developed a one-half horsepower solar steam engine. In the

’ eari,y 20th century, more efficient engines werg Built using ammonia
* or ether instead of water as the working fluid. In 1912, Frank Shu-
.- man. constructed a 50-horsepower solar engine figar Cairo to pump - -
irrigation water from the Nile. s e . '

1. L . o . . . .

" 'Scores of solar devices were built around the world in the early dec-
ades of this century, but none withstood the economic competition of
low-cost fossil fuels. In recent years, with fuel prices soaring, solar
pumps have begun to attract attention again. In 1975, a,40-horse- .

: ggwer solar pump of French design was installed in Sanﬁuis de la
‘Paz to meet this Mexican town’s irrigation and drinking needs. Mex-.

» ico'.has ordered ten more such pumps; and Senegal, Nigef; and Maur-

Q
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itania have instalfed ‘similar devicess At resent, solar pumps make
" economic sense only in remote areas where fuel and maintenance .
..'costs for conventional systems are extremelyi

ities believe, the costs of solar pumps could Me dtamatically reduced -
by taking advantage of the findings of further research dnd the econ-

A a
'omies of mass pro«fuction.“ T e _
*‘Solar energy cdn be used directly iri various industrial processes. A
.- study. of the Australidn food-processing industsy found, for- example,
,ft'ha_t%e'a‘t comprised 90 percent of the industry’s energy needs; almost

RS

-~ Such' Jow-temperature heat can ‘be easily, produced and stored using .
-, elemegtary solar. technologies. Similarly, a study of ‘an ‘Australian -
. ‘soft-drink plant found that enough collectors could be retrofitted -
© . vorito_the factory’s roof to provide 70 -percent of all the plant’s heat -
-’ requirements®s - - : o -

‘.
o+

- A recent study of U.S. industrial Keating demands - concludes that
2.+ about 7.5 percent of all heat is used at temperatures below 100°C and
.28 .percent below 288°C. However, dirdct solar power can be used to
pre-heat materials from ambient temperatures to intermediate tempera-

- tures before another energy source is employed to achieve the still -
higher temperature @emanded for an industrial process.. Such solar

- . pre-heating can play a role in virtually every industrial heat applica-
¥ tion. If pre-heating is used, 27 percent of aﬂ enérgy for U.S. indus-
s h_'ial. l'(\:eat can be delivered under’100° C and about 52 percent under
288° C.2¢ - R o

Mich of the energy .used in the residential, commercial,agricultural,
and industrial sectors is employed as low-tefnperature heat. In the re-

igh. But, many author- -

-all-this heat was at under 150° C, and 80, percent was below 100°C. .. .

cent past, this demand has been filled by burning fossil fuels at thau- .

sands of ‘degrees or nuclear fuels at millions of degrees. Because such
~‘energy sources were comparatively cheap, little tho was given to
" the ﬁzlermodynamic inefficiency of using ‘them low-grade
heat. Now that fuel costs are mountin rapidly, however}
for heat increasingly will be met directly rom thesun. =~ -

L c o . e R .
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. A sénsible energy strategy demands
mgre than the simple-minded substitution
. of sunlight for uranium.” -
. . . . Vi . . /_.

!-:. . ' I3 ' . Lt .
++- + Electricity from the Sun - '
ST . | _ 21
"7 It was-long believed that nuclear power wduld replace the fossil fuels.
- Because nuclear power is best utilized in centralized electrical power
i plants, virtually all eriergy projections therefore show electricity ful-
filling a growing fraction of all projected energy demands. Some
«; solag  proponents advocate large ce tralizéd solar, power plants as
+ " direct replacements for nuclear power plants to meet this demand., .
However, solar technologies can provide energy of any quality, and
remarkably little of the world’s work requires electricity: A sensible -
~ energy-strategy demands more than the simple-minded substitution of
- sunkight for‘uganium."- L ) ' :
‘Electricity now comprises less than 20 pegcent of-energy use in virtu-
ally all countries, If energy sources were carefully matczed with ener-
gy -uses, it is difficult to ‘imagine a future society that would need
more than one-terith of ‘its energy budget, as electricity—the highest
" quality and_most expensive form of energy. Today, only 11 percent
‘of U.S5. energy is used as electricity, and mugh of this need could be
met with other energy sources. To fill gehuine needs for electricity,
the most attractive technology in many parts of the world will be
" direct solar conversion. - : .
~ Two types of large, land-basgd solar thermal power plants are receiv- <
ing widispread attention.- The “"power tower’ is currently attracting’
the most mqney and minds, aﬁhough a rival concept—the “solar r
farm!'—is also being ipvestigated. The power tower relies upon 4 large
‘field ‘of mirrors to focus sunlight on a- boiler located on-a higy( struc-
ture—the ‘‘tower.” The mirrors are adjusted to follow the suf across
.- the sky, always maintaining. an angle that reflects sunlight pack to ¢
the boiler. The boiler, in turn, produces high pressure steam fo run a
turbine to generate elegtricity. The French, who successfplly: fed.
electricity-into their nagonal‘grid from a small tower prototype in
January of 1977, plan to have a 10-megawatt unit operating by 1981
and have been aggressively trying to.interest the desert nations of the.
Middle East in 31is effort, The United States is now testing a small
prototype involving a 40-acre mirror fi Id and a 200-watt tower in

28 -
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. New Mexico, and it plans to put a 10-fnegawatt power plant into
- operation by 1980 at Barstow, California. I -
~ An electric utility in New Mexico plans to combine three 430-foot
~\ power towers that generate a total of 50 megawatts with an existin
+\ gas-fired power plant at Albuquerque. The proposed complex ‘Wofllg .
utilize “the existing generators, turbines, condensers, switchyard, etc.
The resulting hybrid, which would cqst $60 million and cover 170
" acres, would have no heat storage capacity; it would simply heat its
' .-, boilers with gas when the sunpfailed to shine. A survey by the utili
- %, identified ‘600 existing power $lants in the Americah Sout west\éz&k
- about 40,000 megawatts of electrical generating capacity), that_g6uld
‘be \_troﬁttea \\/lith solar power towers. : .

. \ -, . .
The ’solar farm’’ concept would employ rows of parabalic reflectors *,
to ditect concentrated sunlight onto pipes containing-Molten salts " .
or hot gases. Special heat exchangers woqld,.tr_ansfer.tﬁe 600° C heat
. from the picres to storage tanks, f'ifl_ed with melted metal, from whence

it could:be drawn to generate high pressure steam to run a turbine.
Both the solar farm and the power tower dp oaclles require dirett
- sunlight because their concentrating mirrors c?not" use diffuse light.
Both will also probably be feasible only in femi-arid regions with
few cloudy days and little polluti One objection raised to such
facilities is that they would despoil large tracts of pristine desert. -
'However, proponents point out that the area needed to produce 1,000

- megawatts of solar electricity is less than the amount of land that

" would have to be strip-mined to-provide fuel for a similar sized coal
plant during its 30-year lifetime and that the solar plant’s land could _
be ‘used forever. In fact, according to Aden and Mérjorie Meinel, a
'1,000-megawatt solar farm on the Arizona desert would reguire no

. more land than must, for safety reasons, be deeded for a’nuclear re-
actor of the same capacity.?® : L

Large, centralized solar electfi¢ plants x\sume no finite fuels, pro-
duée no nuclear explosives; and hold no\ecological punches. With
_ _ development, such plants should also be economically competitive ..
/ with fossil-fueled, fission, and fusion power plants. However, they .

-



- .produce only electricit{‘ and they are ‘subject to all the problems in- .
" herent in, centralized high' technologies. To the extent that energy
- needs can be met with lower gitality sources or\decentralized equip-~
_ ment, the centralized options shOUld be avoided. * . | :
. As a power source in countries where land is scarce or where cloud
" covyer .is frequent, solar electric plants® are less promising; efficient
- - long-distance, crrogenic electricar transmission may prove feasible-
btit will probably be extremely expensive. Proposals o tap North
African deserts for power for Western Europe or to course- Mexican
sunlight through' New York’s power grid are therefore unlikely to
* bear ‘fruit. A more likely consequence of solat thermal-electric devel-
- opment would be the relocation of manyenergy-intensive industries -
in supny climes. In fact, Professor Ignacy Sachs, director of the In-
_ tional Center for Research on Environment and Development -
" 'in Paris, has predicted that a new solar-powered _industrial civilizay -
" tion will emerge in the tropics. e . ' 3

Land-based solar electric plants must bow to one incontrovertible "
fact: it is always night over half the earth.'If such facilities are to
generate power after the sun sets, oversized collectors' must be built
and the excess heat retained in an expensive storage facility until it
ds needed. But ocean thermal electric conversion (OTEC) plants,
"which use the oceah as a free collector and storage system, are unaf-
fected by daily cycles. Because the ocean’s temperature-varies little,
OTEC plapts cancge a source of steady, round-thie-clock power.
The temperature difference/between the warm surface waters of trop-
ical oceans and the coldef waters in the depths is about-20°C. }Jn
1881, J. D’Arsonval . suggested in an_article in Revue Scientifique
_Aat this difference could/be used te run a closed-cycle engine. In the
1920s, another French scientist, Georges Claude, persuaded the
_ Frenclf government to build a number of open-cycle power. plants to
exploi S\ese ocean thermal gradients. After World War II, the French
Government built several OTEC @lants (the largest of whicl hadta
-'cagacity of 7.5 megawatts) in the hope that suci plants would pro= -
vide inexpensive ener}y to France's tropical colonies.. French interest

g . 25




i th_é_p,rojéctffumbled aion_g,with its overseas empir.e, but the idea -
harnessing ocean thermal gradients to generate power lingers on.?*

Beécause of the small -temperature differences between deepand. sur-
- face waters, OTEC’s potential efficiency is severely limited. More-
° :over, as much as a third of the power an OTEC facility produces =
" ‘fmay be required to pump the enarmous amounts of water needed to’
“ drive the cycle. Despite these difficulties and the additional prob

of transporting power to wsers on the shore, OTEC proponents con-
_tehd:that the system will be cheap enough to underprice competing -
- sourées of electricity. However, this contention is -unteste'd,".ang,'
~ "estimates of an QTEC unit's cost range fram about $450 to almost |
... $4,000 per installed kilowatt—excluding the costs of transporting the °
.. electricity to the land and the costs of any environmental damages.

The real cost will -probably fall between thesé’extremes, but early

models, at least, will likely veer toward the high end.* . ,

. “The OTEC concept does not .involve any new,basic technology. Its
proponents tend to downplay the technical-&ifficulties as simply
: "matters of “good plumling,”. even though the system would require
. _ - pumps and heat exclangers far larger than any ip existence. Because
y © * they do not’consume any fuel, OTEC systems are largely insured »-*
o against .future cost increases that could affect. nuclear or fossil-. .
fueled plants. On the other hand, with so many of their costs as.
~ literally, sunk investments, the viability -of OTECs will depend entire-
. ly upon their durability and reliability—two open questions at this
, Eoint. Unexpected . vulnerabilities to ~corrosion, bidlogical fouling,
ltlxt?icahes, or various other plagues could drive costs up dramatic-
- ally. R ‘
Intensive deployment. on_the’scale urged by OTEC’s most ardent ad- "
. vocates courd ‘also possibly engender a variety’ of environmental
problems that a few. scattered plants would nof provoke. An increase -
in the overall heat of substantial bodies of water and the upwelling
of nutrient-rich waters from the ocean bottom could both bring on
unfortunate consequences. Ocean ‘temperature shifts could have far-
reaching impacts on weather and climate, and displacing deep waters
would distarb marine gecology. In addition, physicist Robert Williams
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#f Princeton calculates, ‘the upwelling of carbon-rich water from the ‘s

" .ocean bottom "¢ould cause- atmospheric carbon.dioxide to increase

- " substantially.?t OTECs, like other large centralized sources of elec- 25

. tricity,"have costs that multiply rapidly when large numbers of plants -
aré*built. This, technology should probably be limited to a modest -
number of facilitiesin ocean areas where conditions are optimal.

The most exciting solar electric prospect is the photovoltaic cell—now
. .the principal power source of space satellites.  Such cells generate
electricity directly when sunlight ufglls'on them. They have ng moving.
~ parts, consume -no fuel, produce no pollution, operate at environ-
. mental temperatures;. have long lifetimes, require little maintenance;
¥ “and can be fashioned, from silicon, thecsecond most abundant element
.-, 'in the Earth’s crust.3? S /) ' T o7
P - - N 4 . o . . T * . .
- Photovoltaic cells are modular by nature, and 'little is to bs gained by - -
groupi‘n'ﬁ large masses of cells ‘at a sin?le collection site. Ont the con-
“trary, ‘the technology is most sensibly applied in a decentralized .
fashioni-perhaps ~ incorporated in the “roofs ‘of  buildings—sb. that .
~transmission and storage problems can be minimized. With decen-,
tralizéd use, the 80 percent or more of the sunlight that such cells"
~.do_not convert into electricity can be harnessed to provide energy for
s‘pi?_e heating and cooling, water heating, and refrigeration. . S
A Fundamental physical constraints limit the theoretical efficiency of
. .photovoltaic cells to-under 25 percent.. Numerous practical prob{ems ‘
F'tcelthe real efficigncy lower—for silicon photovoltaics, the efficiency
" ceiling is about 20 percent. To obtain maximum effiffency, relatively ’
~ pure materials witﬁ regular crystal ‘structures ar€ required. SucK
near-perfection is difficult and expensive to obtain. High costs have,
in fact, been the principal deterrent.to widespread use of photovolta-

o odccells. . . @
. Cost, caimparisons - between photovoltaic systems. and conventional

. 'systergs can be'complicated. Solar cells produce electricity only when -
the *sun - shines, while corniventional power plants are forced to shut .
.down frequently for repairs or.maintenance. Depending on the

. amount of sunlight available where a photovoltaic. array is located, '
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” the' cells might produce between one-fourth and-one-half as much
2~ - .powet” per kilowatt ‘of installed cafpacity -as an averaﬁe nuclear power
26 EI@nt-does.-Adding to the costs of photovoltaics is the need for some,
ind of storage system; .on the other hand, the use of phofovoltaics

- may eliminate the need for expensive trangmission and distribution
- systems.. . Sy R A o

L
. e - .
N .o

Depending upon who ‘does the figuring, photovoltaic cells now cost
: between 20 and 40 times as mucﬁ as conventional sources of base-
».-" load electricity. However, as a source of power just during daylight -
w: . periods of peak demand, photovoltaics cost only four to five times as
. much as conventional - power plants plus distribution systems. More-
-over, the costs of conventional power plants have sh?,t steadily up- ~
.- - ward in recent years while-the costs of photovoltaic, cells, have rapidly
: : declined, and several new.approaches are being pursued .in an ‘effort . -
“ ¢ "t further diminish the costs of photovoltaic arrays: For ‘example,
- focusing collectors that use inekpensive lenses or mirrors to gather
" sunlight from a broad drea and Concentrate it on the cells are_being.
employed. The Winston collector can obtain an eight-to-one concen-’
tration ratio without tracking .the sun; T‘tnacki'ng:; collectors can
obtain much higher multiples, but at far greater expense.?® -

o

- "Ariother approach_to cutting the cdsts .of photovoltaic cells has been
. .. to-use less efficient but mué¢h cheapef-materials than thoseusually:
.- used; .amorphous’ silicon and combinations of cadmium sulfide and -
..* " “copper sulfide are strong candidates, Although th& required collector
" .-".area is thus increased, total costs may be less. Conversely,—another
approach has-been to imprévethe processing of ‘high-grade materials

for photovoltaic edls. Gurrently, each ¢ell is handcrafted by artisans .’

“who use techniques not unlike those employed in a Swiss watch fac-. .
.. tory. Simple ,mechanization of- this_.process. could- lead to large sav- -

* - ings. The costs of photovoltaic cells, which amounted to $200,000
“per peak kilowatt in 1959, have already fallen to about $13,000- per .
" peak kilowatt and most .experts believe that - prices will continue to .
. -;Fall rapidly# <. . = .. o o : :
Increased production- is of paramount impor?anpe ig lowering the -
- prices of photovoltaics., In an 18-month period®of 1975-76, U.S. pur-
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.- .chases.-of photovoltaic_cells for earth-bound purposes doubled and
*"the gverage price per cell drop

ommon ‘in the electrical components industries, an
“production should prove no exceptionto therule. =

The abjective of the Low-Cost Silicon. Array Project of the U.S. Ener-
8y Research and Development ‘Administration is to produce photo-
" voltaics for less than $500 per peak kilowatt, and to produfe more
“thai' 500 megawatts anpually by- 1985. This' program, ntracted
“through the California Institute of Technology, involves a laige
" number of major corporations. A general consensus
-be . developing: among - the -participants that the goals are reathable
“"and.may even be far too ‘modest.. Under the atispices of _the govern-
“ment’s "Project Sunshine,” Japan has undertaken 2 similar research

: L effortss . S . .

’ .

- tailed studies of the energy needed to manufacture such cells shows
.. that the energy debt..can‘ﬁ paid in less than two years of operation.

.. With more energy-efficient production processes, tK
;- period -could, theoretically, be reduced to .a matter of weeks. If. the
" " energy 'some cells produce is fed back to .produce more cells, photo-
“. . voltaics can becomé true energy ‘’breeders”’—making more and more
. energy available each year witi()ut’ consuming any nonrenewable re-
. sources: In fact, Malcolm Slesser and Jan Houn#h have calculated,.
<> an initial one-megawatt iivestment in photpvoltaic cells with @ two-
“ year payback-period could mrultiply in 40 years to provide 90 percent
-+ -of the world’s. energy needs. These calculations may be a bit opti-

. “mistic, and - the worﬂ"does not want or need to consume 90 percent

" .. of its energy in the form of electricity; but photovoltaics, like other’

.- - solar techno ogies, hold up well under net-energy analysis.®

‘- A variety of options-are available to produce electricity directly from

ed by about 50 percent. Price reduc- -

tions of from 10 to 30 percent for each doubling of ou“g;uthhave E;een 2
photovoltaic "~

P

Pyl

Tpears to -

“From a ‘net 'énerg)%.”f _perspective, bhotqilc')ltaics"hfeéappealing. De-.

.

-the sun. Several of the approaches. sketched here—all- of which have '

. .been technically demonstrated—are .now .economically cpmpetitive
" ".with fossil-fueled plants under some conditions. Prices can be reason-
s ably expected to fall dramatically as mdre experience is gained. Al-

L
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. a
though solar ‘électricity will probably never be really cheap, it is
» doubtless worth paying some economic premium for a source of elec-
tricity that is safe, dependable, renewable, non-polluting, and—in

the case of photovoltaics—highly decentralized.?”

.Catching the Wind =~ R 7

" ‘The-air that envelopes the Earth functions as a 20-billton-cubic-kil-

ometer storage battery for solarggmergy. Winds are generated by the
uneven heating' of our spinning?,anet's land and water, plains and
mountains, equatorial regions and poles. Thg idea of harnedsigﬁ this -
wind to serve.human needs'may have first occurred to someone
‘watching a leaf skitter across a pond. Five thousand years ago, the
' Egyptians were already sailing barges along the Nile. Wind-poiwered -
vessels of one sort or another dominated shipping until thre Nine- .

- teenth century, when ships driven by fossil fuels gradually eased .

. them out.-A few large cargo schooners. pliedthe waters off the U.S.

Atlantic Coast until the 1930s, and the largest windjammers were the -
greatest wind machines thé world has known.»*

“The windmill appears to have originated in Persia two millenia -ago. .

". There, vertical shaft devices that turned like- merry-go-rounds were’

used to grind grainiand pump water. After the Arab conquest of
Persia, wind ‘power spread with Islam throughout the Middle East and

to the sputhern Mediterranean lands. Invading Mongols carried the . -

windmill back to China. Returning cfusaders likewise apfllear to have

transferred the technology to Europe—though the tilt (3¥ degrees to

. the horizontal) “of the axes.of early European mills have led some

scientists to believe that.the device may have been invented inde- .
o Eendently ‘by ‘a-European. Eventuallys horizontal-axis windmills with . .

lades_that turned like ferris whiels were developed, and "they spread -

" throughout Europe.”®

‘.By,‘tl'n.e_i?th century, the Dutch- had a-commanding lead in wind tech-
nology and were already using wind power to saw wood and ‘make

: . paper. In the late 19th century the mantle of _l_eadervs}\'rp passed to the

»

e -+
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' **It is doubtless worth paying some
economic premium for a source of
electricity that is safe, dependable,

'

.

- Danes, 'who_had, about 100,000 windmills in operation by 1900. Un-

;- der- the ‘leadership of Poul la Cour, Denmark began inaling signifi-
cant intvestments™h wind-generated glectricity and by 1916 was oper-
ating more than 1,300 wind generators.” .

T . . e .
The windmill played an important role in Americap history, especially
v in_the Great Plains, where it was used to pumnp véter. More than six
" million windmills were built in the United States over the last cen-
tury; about 150,000 still spin productively. Prior to the large-scale
federal commitment to rural electrification in the 1?305 and 1940s,
windmills supplied .much’ of rural America with its' only source of
oelectricity. [ o L L

R o o
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>

AﬂexWorld Warl. chegp hydropower and dependable foésii fuels

" thie; world continued, and mény interesting- windmill prototypes were

- constructed. In 1931, the ‘Soviet. Union built the world’s first large .

t_wind ‘generator near Yalta. Overlooking the Black Sea, thi€ 100-kilo-
.~ watt . turbine. produced abput 280,000 kilowatt-hours of electricity

S ,r’er year. In ‘the 1950s, Great Britain built two 100-kilowatt turbines.

n 1957, Denmark built a 200-kilowatt turbine, and France construct- . )

" . ed an 800-kilowatt wind generator. In 1963, a 1,000-kilowatt' wind
-’ turbine was built in France. R . .

3. "The largest wind generator ever built was the. 1,250-kilowatt ‘Grand-
.. pa’s. Knob machine designed by Palmer Putnam and erected on a
. .mountain top in central Vermont. It began generating electricty .on
.. August 29, 1941 just two years after its conclption. However, the
"= -manufacturer had been forced to cut cormers*in his haste fo finish

construction before the icy hand of war-time rationing closed upen

Py

"~ around -their rivet hofes. Although the cracking ‘was noticed early,

the project, and the"eiiht-ton propellér blades developed stress cracks -

renewable, and non-polluting.”’ .

eérpriced wind. power plants. However,.research in many parts of

.

.+ the ‘blades could not be replaced because of materials shortages. Fi- .
* ‘nally, a blade split, spun 750 feet in the air, and brought thé experi-

" ment to"a crashing coniclusion. The private manufacturer had invest-

‘.o more. 4" SO .
o more-™ 4 Sy _ D

v L » -

FERE

‘ed'more than one million dollars'in the project and could afford to ri_sk“"".

[
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" Despite the enthusiasm of occasional wind-power champions in the
federal government, no mdie major, wind generators were constructed
- in the United States until 1975. Then, NASA began operating a 100-
~. kilowatt proto?pe near Sandusky, Ohio, that resembles a huge heli-
.. copter mounted sideways atop a transmission tower. The next major
step in the American -program will be a 1,500-kilowatt wind' turbine
‘to be built jointly'by .General Electric and United Technology Corpo-
ratiorrby 1978. - O S S
.. Before the GE-UTC. turbine begins operating, however, it may have
- slipped into\second place in the. size sweepstakes. Tvind, a lganish
- college, has nearly completed a 2,000-kilowatt wind_‘turb'ine, at a cost

of only -$350,000. (Doubtless the most important factor in holding-..

down expenses for the Tvind generator is that the college staff pai
‘for the project out of their own pockets. If ‘successful, Tvind will

" hearten' those who hepe that .major technical accomplishments can

:ness.)‘.’_ R R T

7’

still be achieved without reliance on central governments or big busi-

" The TVihd-V\;ind.rﬁachine, like virtually all large wind turbines today,

’ | . 'will have only two blades. While more-blades providg morertorque "

~ in low-speed winds (making multiple blades particularly useful for
s ‘purposes suck as small-scale water pumping), fewer blades" capture
more energy for their cost in faster winds.. A two-blade propellet can

c’!,crack or splitin a storm. ..

*-filling the area with metal that cou
. . » .

" -Since power production_incréases with the square of/y turbine’s size;
:large wind_machines- produce far more eriergy thafi do small ones.
Moreover, Wind power increases as the'cube of velocity, so a 10-meter-

E,ef-sé‘cond‘bree'ze' does. Consequently, some wind power enthusiasts
mit-their dreams to,huge turbines .on very windy sites. In particular, a

-“intermediate sized turbines.4z . . = -

extract most of the available ener?y' from a’large vertical area without

per-secortd wind produces eight tiges as- much power as a 5-meter-"

“recent survey of large U.S. corporations conducting wind power re-. ,
seatch disclosed that only one company hadvany interest in small or. .

‘-
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The crucial guestion for windmills is how much.energy is harnessed
" per.doHar o?

.. - the.value of the additional energy extracted exceeds the extra cost,’
"_and economic optimization .does not necessarily lead to the construc-
‘tion. of giant turbines. Smaller windmills ‘might lend themselves more-
7" easily. to mass production and might be easier to locate close to the
- rend-user - (thus reducing transmission costs). Small windmills can
produce’power in much lower winds than large ones do and can thus

‘operate more over a giyen time. Smallet-scale equipment also allows a

~ 'quences of equipment failure are not likely to be catastrophic. Finally,

However; the *‘think big"” approach does not necessaril ‘make sense.. .
8 g [ \S€. -

investment. Increases in output are desirable only .if

.greater decentralization of ownershir and control, and the' conse-
i

- 'wind turbine development will probably be constrained by practical - .

limits .on propeller’ size. Large- turbines place great stresses on both.
*:2 the blade and tower, and all gianwturbines built to date have suffered
. from mefl fatigue. — -
. . N ‘_"' . . . {‘ B ] ) '
" 7'On a small scale, wind power can be cheaply harnessed to perform
iy manyvkinds'ofvwofk.E‘TEe. Valley of Lasithi on Crete uses an esti-
. " mated 10,000 windmills, which catch the wind in triangular bands of
_white sail cloth, to’ pump irrigation water.’ Similar windmills built of

_ local materials have recently been erected in East'Africa. The New .
Alchemy Institute in Massachusetts, working with the Indian Insti- .

" tute of Agricultural Researchyand the Indian ‘National Aeronautical
. Laboratory, has developed a 25-foot sailwing pump for rural use;
. employing the wheel of a bullock cart as the hub and a bamboo framie
“'for the cloth sails, this simple mathine could provide cheap power to

- Indian villages. The Brace Research-Institute in Canada has designed -

. ~'a Savonius’ water pump that can be. constructed from two 45-gallon

* oil drumscut in half. Already ysed in the Caribbean, the device costs . - .

"+ about $50 to make and will operate at wind speeds as low as 8 mph.

:T,raditidnally, wind -has been used primarily to ;;ump ‘water and to -

I grind’ grain. Windmills can aléo produce heat that can. be stored and; . -

- used later in space Keating, crop drying, or manufacturing processes.
..~ ~A particularly attractive new approach is to comprese air with wind
“ turbines. Pressurized air can be stored much- more easily than elec-

_ tricity, a fact to which yirtually every gasoline station in ‘the United -

’
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~ States attests. Stored dir can either be used as needed to directly’ power
mechanical é(iuipment or released thrdugh a turbine to generate elec-
. tricity. On a large scale, pressurized air can be stored in underground

" caveérns. - oo ' . ,

fooe oy

" The modern wind enthusiast can’ choose from many-options; multi-
le-blade propellers, triple-blade prop¢, double-blade props, single-
lade versjons with counterweights; sailwings, cross-wind paddles,

- and-gyromills. In some wind turbines, the -propeller is upwind: from:

. 'the platform, while .in others it is located downwind. Some platforms
- .- support Singlelarge turbines; others support many smali ones, A

. °machine with two .sets ‘of blades lu%}ning in opposite directions is

'.’-,",‘.'b‘eing tested in West Germany.# . ’ -

MR I

*~ One of the most interesting multiple-blade devices for small and
- moderate ‘sized generators is under development at Oklahoma State

.+ MUniversity. This mill resembles a-huge bicycle tire, with flat aluminum
-, - blades radiating from the hub liﬁe so many spokes. Instead .of
». ., - gearing the generator to the hub of the windmill, the Oklahoma
s gtate' machine operates on the principle of the sga'gming wheel: the
‘generator is connected to a belt that encircles the fadter-moving outer

|_'i_m, S . . L

L4 A

" The Darrieus’ wind generator, favored. by ‘,(he National Research
, Council of Canada ange;by Sandia Laboratories'in New Mexico, looks
%,y Jike-an upside-down egg beater, and turns around its vertical axis like
"’} a gpinning ‘coin. The: Darrieus holds several striking, advantages over
"+ horizontal axis turbiries: “it will rotate regardless”of wind - direction; -
it-does not require blade adjustments for different wind speeds; and it - :
can operate without an expensive tower to provide rotor clearance"
~ _from the ground. Aerodynamically efficient and light-weight, the
;. "Darriéus might cost as little as one-sixth as muéh .as a horizontal-
.- shaft"windmill-of the same capacity. In early 1977,.a 200-kilowatt

~

- 24,000-kilowatt powel grid that serves the Magdalen~slands. in' the
- Gulf of 3 Lawrence. I this machine lives up to its economic poten-
- 'tial, other Darrieus turlines will be installed.*¢ _ :

¢
.
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u i+ Canfadian ‘Darrieus wind turbine began feeding electricity into, the
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gh"‘g\mguin'g new a?‘pro‘aches to wind power may well be gestatiné.
¢ “Little money or eftort has been put into wind turbine research over
enormous strides over the same period. With interest in wind ma-
.“chines gathering force, new approaches could ‘soon emerge. For ex-
ample, a “‘confined vortex' generator being developed by James Yen
steers. wind through a circular tower, ‘creating a small tornado-like

center of ‘the sw.
‘Large amoants- |
*. relatively small turbines of this type., The.U.S. Energy Research and
"¢ ‘Development Administration Tecently “awarded Dr. Yen $200,000 to
~ develop this idea further. However, the viability of wind power does
“- not- depend upon: scientific breakghrou‘ghs; -existing wind technolo-
.- gies can compete on their own terms’ for a substantial -share of the
/- -world's future energy budget.. =

;,:0'“ « . {

Estimating the ‘probable cost of wind power is a somewhat specula- ‘

' tive undertaki:&. The cost of generating electricity with the wind
. 'can be measur _
" gystem provides ''base Jdad" power or only supp

the last two.decades, although' aeronadtical engineering has made

_effect; this generator ujlizes the difference in pressure between the -
ﬁ wind and the outside air to drive a turbine® .
eleetricity*‘dould, theoretically, be generated by -

33"

in two different ways— epen'dihf upon whether th? o
ementary power. If.

wind.generators feed. power directly into a.grid when the wind blows, . -
i

‘and
_ peak loads when the wind isn't blowing, the average ¢
o aad maintaining such windmills must compete ith
. "ffel for the alternative power plant. Obviously, this calculation
... hinges not only on how much a windmill cost} to construct, but also

other ‘generating ‘facilities have to be cons::oczed'to' handle
erel

on.how long it lasts and how reliably it functions. Conclusions are

ts of building,
y.the cost pt -

- premature until experience has been gained, but many studies have. .

- suggested. that intermittent electricity could be generated today from"

i the wihd- for. considerably less than the cost of providing fuel for an

existing oil-fired unit.' Moreover, wind power costs could diminish .

significantly as more experience is acquired,’while oil costs will cer-
. tainly rises . -~ - . : ‘ .

1f 'wind‘is to be qISed‘ to provide'constént, reliable power, then t}\e‘ coét

of building a,wind generator plus-a storage facility must riot exceed
. the fotal cost (including the ‘en‘vjrqn;nental -cost) of building_ gnd

.. 8
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v ~operating a convéntional power plant. Used in conjunctibn with a
b "hly'dr_@electric facility with reserve capacity, wind turbirtes should:-
Q' -already have a substantial cost advantage over conventional power
-7 . plants. For' other storage set-ups, cost. calculations remain unsub- - .
stantiated, but studies of analogous technologies suggest, that such ..
ase-load wind systems will be economically sound. When social and~
i ‘environmental costs are included, the case becomes even stronger.
" Accordingly, such systems should now be built and operated.so that™
¥, these calcuﬁ;ﬁons can bk proven. o P e
" The rate and extent to which wind power:is put to work is mych
.=\ more likely to be a funttion: of ‘political considerations than of tech-
-~ niflal or economic limits. The World Meteorological Organiz#on ‘has -
"~ estimated that 20 million megawatts of wind power can be commer-
. cially tapped at the choicest sites around the world, ndt including

the possible contributions from large clusters of windmills at sea.s?

." By comparisop/ the current total world -electrical generating, capacity ’y
.. i’ about one-and-one-half million megawatts. Even “allowing for' the ,
. .’intermittent nature of the resource, wind availability. will not limit \ . .
" ... wind power development.- Long before a large fraction-of the wind'’s
= . power is reaped, capital constraints"and social objections will impose
» ° limits on the growth of wind power. =~ . 7 ' —_

" Well-designed, well-placed wirtd turbines will achieve a high net en-
‘- .ergy.output with an exceptionally mild environmental and climatic ¥ -
 impact: wind. machines® produce no pollution, no hazardous, materi-

“als, and little noise. In fact, the principal environmental conséquences

.\ of . wind poweér will be the compagatively modest ones associated with

- Jmining and refining the metals needed for wind turbine construction™ : - .
i=ill effects associated with virtually eyery energy source. Windmills | .
- - will have'to be kept out of the migratory-flyways of birds, but these

5 ~routes are well-known and can be easily avoided. Where aesthetic’_
~.objections -to. the .use of wind technology arise, windmills could be

+ " located put-of the visual range of populated areas, even a few miles -

-~ out 10 sea. Moreover, some wind €a\chin_es, such as the Darrjeus,

. strike’ many as handsome. Al thijngs considered, a .cleaner, safer,
- less.d_isruptng source of energyis' hatd to imagihe.t* ' = . o
3 ‘ . . . ._‘ . N
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, considerations than of technical or-
e . economic limits.”
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* _“Numerous surveys of the world’s water-power resources suggest that

- “a_potential of about three million ‘megawatts. exists, of which about '

W ‘]ot'\e-tenlhv‘lgg now developed. The figure is unrealistic, however, since
" ‘reachting the. three-million-megawatt patential would require flooding
fertile agricultural bottomlands and rich natural ecosystems. On the

..’ other hand, none of the surveys include the world’s vast assortment

" of small hydro-electric sites. By even the most Tonservative stand-
. - ards, potential hydropower developments definitely exceed one mil-
*lion megawatts, while current world hydro-electric capacity is only
7 340 thousand megawatts. : '

" Industrialized regions contain about 30-percent of the world’s hydro-
"« "electric poL

- about 80 /percent of all its hydro-electricity. North America produces
about one-third, Europe just a little less, and the Soviet Union about

£~ duces pover 6 percent of global hydro-electricity. In contrast, Africa is
-, blessed with 22 percent of all hydro-electric potential, but roduces

.only 2 percent ofall hydro-electricity—half of which comes frdm the
Aswan High Dam in Egypt, the Akosombo Dam in Ghana, and the
Kariba Dam on the Zambesi River between Zambia and Rhodesia.
Asia (excluding Japan and the USSR) has 27 percent of the potential
‘resources, and currently generates about 12 percent of the world’s
" hydro-electricity; most of its potential lies in the streams that drain

the Tibetan Plateau, at sites far from existing energy markets. Latin
 America, with about 20 percent of the world’s total water-power re-

-

¥

sources, contributes about 6 percent of the current world output.

: “'i‘ ¢ rate and extent to which wind -

ntial as measured by conventional criteria but produce -

- one-tenth. Japan, wit onli 1 percent of the world’s potenttal, pro-.

Nine of the world’s 15 most powerful rivers are in Asia, three’are in .

South America’ two are in North America, and one is inAfrica.® -
¢ douth A a, twi on .

The amount of*hydropower &inlabl'e in a body of moving water is
* determin® by the volume of water and by the distance the water falls.
.A small amount of water dropping from a great height can.. roduce
as much power as a large amount of water Falling a shorter distance.
The Amazon carries five times as much water to the sea as doks the
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Y . A . . :
E\i-}?if world’s second largest river, the Congo: but because of the more =
i . favorable topography of its basin, the Congo has more hydro-electric
‘potential, In mountainous headwater areas, such as Nepal,/ where
2 relatively Il volumes of ~water fall great distances, numerous

TN

" .cholce sited exist for stations of up to 100 megawatts each.%

R R

. Used by the Romans to grind grain, water wheels reached theit high-
" est pre-electric form' in the mid-1700s with' the development of the
7 ., turbine whéel. The Versailles waterworks produced about 56 kilo-
. watts 'of mechanical power in the 18th century. In 1882, the first
_ small hydro-electric facility began producing 125 kilowatts of elec- -
7 tricity in Appleton, Wisconsin; and, by 1925, hydropowér accounted
.. + For 40 percent of the world’s emower. Although hydro-electric .
"' capacity has. since grown 15-fold, its_share of the world’s electricity
market has fallen to about 23 percent. :

1

. - R _ L
Early hydro-electric development tended to involve small facilities in. .
mountaindus regions. In the 1930s, emphasis shifted to major dams
and reservoirs. in the middle and lower sections of rivers, such as the -
Tennessee Valley dams in the United States and the Volga River dams
.in the Soviet Union. The world now has 64 hydroplants with capaci-
ties of 1,000 megawatts or more each: the Soviet Union has .16, the -
United States has 12, "Canada has 11- (the U.S. and  Canada share .

"“°thi{)l nd Brazilhas10... - - 7 - - ' .

..» _The environmental and social problems associated with- huge dams

" and reservoirs far outweigh those surrounding small-scale installa-

tions or projects that use river diversion techniques. Moreover, the .
increments by .whigh small facilities boost a.region’s power supply .
are manageable. In contrast, a tripling or quadrupling of a powet.
supply in one fell swoop by a giant dam can lead to a desperate. .
search for energy-integsive industries to purchase surplus power, .

dramatically upsetting the politics and culture of an area.

Pt

Much of the extensive hydro-electric develdpment in Japan, Switzer-
land, and Sweden has®entailed use of comparatively small facilities, -
=" and such’ small units hold continuing promise for developing coun-
.- tries, In late 1975, China reportedly had 60,000 small facilities that

- . . -+
v e KA . : . X . ~ '
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" together generated over two million_kilowatts-about 20 percent fof . . |
+- ' China’s total hydro-electric capacity. The Chinese facilities are focated

. In gparsel pulated areas to which sending electricity from huge 37
o mlullu! acilities would involve prohibitive transmission costs.

.+ . Logal“workers build the small earth-filled or rock-filled dams that
7 ' provide substahtia} flood control and irrigation benefits as they bring
% powsr to the people.st ' e e

“ Nevertheless, building' enormous facilities to capture as much power ..
- as possible while taking advantage of the economies of large scale
= is temptirig. Although Sﬁs approach has been used extensively and’
s rather suctessfully in temperate zones, many of ‘the remaining .
' rime locations are in the tropics, where troubles may arise. The .

ongo, for example, with a flow of 40,000 cubic meters per second

~and a drop of nearly 300 meters in the final 200 kilometers of its:

. journey to the oceany has an underdeveloped hydro-electric potential
. of 30,000 megawatts. But experience in other warm areas indicates

" that great care must be taken in exploiting such resources. i _\‘. '

EN

;. The Aswan High Dam provides a textbook case of the problems that
" can encumber a major hydro-electric development in the tropics. 56
.. trouble-ridden is Aswan that its costs largely offset its benefits. Al
though Aswan is a source of electricity, ofsﬂood and drought control,
"~ and of irrigation, the dam’s users and uses sometimes_conflict. For
" example, Aswan provides more than S0 percent of Egypt’s-electrical
power, but its_production is highly seasonal; during winter months,
.. the flow of water through the dam is severely diminished while irriga~
.. tion canals are cleaned. This reduced flow causes power.generation to’
** drop from a designed capacity of 2,000 megawatts to a mere 700
". megawatts.~Furthermore, lack of money for an exjensive transmission ,
: Ei -has meant. that electricity does not reach many of the rural vil-
. "lages that had hoped to benefit from the projec}. o

-~

"Aswan saved Egypt’s rice and fotton crops during the droughts in .
northeastern- Africa in 1972 and™®973. Irrigation has increased food

‘ vpz')duction by bringing approximately 750,000 formerly barren acres .

- - unider cultivation, and by allowing farmers to plant multiple crops )
on a million acres that had previously been harvested'on}y once,a

- . "

b - - . f.owe
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lur. These timely boosts have enabled Egypt's food production to,
eep pace, though just barely, with its rapidly growing population. .-
38 On the other‘hand, the dam has halted the natural flow of nutrierit-’
rich silt, leaving downstream farmers to rely increasingly upon en-
ergy-intensive chemical fertilizers; and the newly irrigated areas are
so Eollsued by waterlogging and mounting soil salinity that a $30.
million drainage program is now needed. In addition, the canals in
some areas rapidly clog with fas}-growing wter hyacinths. *

The Aswan has also given a new lease to an age-old health hazard
= " in Egypt. Schistdsomiasis, a disease caused by parasitic worms car-
"ried by water snails, has long been endemic in the Nile delta where
most of Egypt’'s population is concentrated, but in the past it was
rarely founx in upstream areas. Since the constrtiction of the large
dam, infestations of this chronic and debilitating affliction are also  «
common along the Nile and its irrigation capillaries in Upper Egypt.
Many of the major problems associated .with Aswan sﬁould ave
been anticipated”and avoided. Even now, Aswan’'s worst problems
. probably can be either solved or managed. But after-the-fact remedies
. will be costlier and less effective than a modest preventative® effort -
‘would have been. : '

- o

The inevitable siltation of reservoirs does more to spoil the use of

dams as renewable energy sources than does any other problem. Silta-

tion.is a complex phenomenon that hinges upon several factors, one
-.of which is tﬁe size of the reservoir. For example, the Tarbela Rés-
-+ ervoir in Pakistan holds 'on‘lf' .about one-seventh the annual flow of
/' the Indus, while Lake Mead on the Colorado can retain two years'
. flow. The life expectancy of the Tarbela is measurable in decades;
Lake Mead. will last for centuries.. The rate of natural erosion, an-

" other factor in siltation, is determined’primarily by the local terrain.

- Some large dams in stable tetrains -have a.life expectancy of thou-
sands of years; others have been known to lose virtually their entire
storage’capacity during one bad storm. Logging and farming can
greatly accelerate natural erosion too; many reservoirs will fill with- -

" silt during one-fourth- their expected life spans because these and .-
other human activities ruin their watersheds. ~ - :

L
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generating capacity, ‘can be minimized. Water can be sluiced periodi-
cally through gates in the dam, carrying with it some of tht accumu- !
ated silt. Reservairs can be dredged, though at astronomical costs.-By

“far the most effective :tech_ri,icitle for handling siltation is lowering the€
t

1. P

< " fate of upstredm; erosion;. rough reforestation - projects ‘arid en-- -
27 “lightened land:uges?. . " ot S S T

’
4 H

-~ Dams;cannot” beevaluated apart from their ‘interaction ‘'with many. "~

+ " other " natural and artificial- systems. They are just one cSmponent,
. .albeit a vital one, of river-basin management. Locks will have to be

Siltation, which-affects the dam’s' storage capacity but not its power

C A S - “The greatest potential for future g
) F e ‘. +" . 'hydropower developmentlies i
Mt /those lands that are currently most
5 vos Sl starved for energy.”
S . '_727,.0 . - e
- < &
o ) ‘1 {
."; o ) ;(/ ¥ .
. - i,

39

+ " provided on navigable rivers, and fish ladders (ne of the earliest vic- -

:* - tories of environmentalists) must be installed where dams block the

e

..
(21

e

spawning routes of anadromous fish, If a dam is located in a dty -¢'*~

area, power %enegation must be coordinated with downstream irriga-
*, tion.needs. Tf a-populated basin is to be flooded, the many .needs of '

~ displaced people as well .45 the loss,of fertile bottomland must be .

"taken into account. Unpopulated basins are politicall easier - to- dam,

. but in unsettled, areas care must nevertheless be taken.to. presesve ™ -

Y
“ . 4

unigue ecosystems and other irreplaceable resources. = . il
S - . R S
. Dams are vulnerable to natural forces, human  error, and acts’ of .war.
. The1976 collarses of the Bolan Dam in Pakistan, the Teton'Dam’in
- Idaho, arid a large earthen dam outside La Paz on Mexico’s. Baja:-
. Peninsula serve is emphatic reminders of the need for careful geologi-

cal studies and the highest standards of construction. ~ .*- :

Dams recommend, themselves over. most other energy sources. They
- provide ‘many benefits unconnected to power  production; they are
"~ clean: and their use does not entail the storage problems that plague

. so many other renewable sources. Indeed, using dams as storage™.

“mechanisms may be the most effective way to fill in the gaps left by
solar and wind power. In'addition, the copfersion of water .power .
into electrical power-is highly efficient—85  percent or more. . Finally,

dams can-be instruments of economic equity; the"greatest potential < °

for future hydropower development lies in those lands that are cur-
rently most starved for energy. .

, ‘ 1 1 ‘
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Green plants began collecting and storing sunshine more than two. |
billion ‘years ago. They photosyrithesize an estimated one-tenth of . -
-one: percent of all solar energy tl?l’at.strikes the earth. Somewhat more. . -
#han-halF of this fraction is spent on plant metabolism; the remainder .
'jstdred‘mch'emi‘cal"l;,ondfs and can be put to work by human beings.” . .

%Al fossjl fuels were once ‘biomass, ‘and-ithe. prospect ‘of 'E‘i'r'amati'ca!ly' .
shoftening the time geological. forces take to. convert vegetation into
oil; gas, and coal (roughly a third of a billion years) now intrigues’ .
many thoughtful personst Dry,cellulose has anaverage energy con- . )
“tent of about four kilocalories per grami—-60 percent as much as bitu-** -
-minous. coal, .and the hydrocarbons produced by certain plants con-

. tain_more energy than coaltdoes. Biomass can be transformed directly . . _
+ into. substitutes {o_r some of dur most rapidly vanishing fuels. S
.+, Because green plants can be grown almost everywhere, they are not .
'va?'. susceptiblé to international political pressures. ‘Unlike fossil

.0 fuels, bgga‘nic;:l.eneljfy'r‘esqurces -are renewable. In addition, biomass - -
. operations involve few of  the .emvironmental drawbacks ‘associated . .
:with'the largeé:scale. use of coal ard gil. . - - c .

i ’ met

o . B g _.:? FETE PR RS A ‘ ) . X
- > The ultimate magnitude of. this énergy “resource has not been estab- A

-+~ lishéd: Measuring the earth’s' 'total photdsynthetic - capacity poses -
-.. -difficulties, and estimates vary -considerably. Most experts peg the - ::
. -energy content of all annual biomass, production at between 15 and 4,
+7o 20 times the ‘amount Humans currently get from commercial energy . 2
. - .sgurces, although other estimates range from'10 to 40 times.>* Using . e
., All the vegetation that grows on Earth annually as fuel is unthink- .-
. ““able. But'the ‘energy that could reasonably be.harvested froim organic =
o the energy content of all the fossil = ¥ -

. sources each year probably exceeds

.fix_éls__cq_rrentl_y“cons_umgd annually. * ¢ ‘ , A e
a Tv;t; .'i.r;ipdl:t.af\t".cév;:;.a;s'ﬁ'\.t.x%f.'b-e..a;taclhedh to this .sta}e“ment'. The .firs_t”"- ‘!"f'
' _que’li'f’icatiqn _concern'sf conversion -efficiency. Mug_h of the energy 4. ’.-
T RPN . e o . . PR ) ¥ u).-
R e N s
Lo Taze. R
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;.bound‘ m blomass wnﬂ be Test’ﬂumng -lté ct version .to; useful fuels
These. losses, howeve;,s nee b‘e nog;eater ‘thzh thosemvolved in con- -
' erhng coaluntd sy&thenc oil. ahci‘,gq& Thie“second. catch is geographt- 41
r al the areas @ g reateshblomass Froductlon are wet equatorial .~
regions-iot; the.te inp¢rate {ands’ Whete fuel use is highest tggay The :
fbt,dlp cal #neigy ‘potential of the United States, calculated liberal- . . -
yobal ly.amoun}s tb,about ohe-f:fth of current commercial .ener-
7in_contrast, ‘the potential il many (tropical coiihtries ‘is much’
‘ elrk’cu?ireri’t figel capsumption levels. Howevér, ‘many
t%qua!orlal n#Mqh il be' hard-piessed to secure the capital and to..
develop the teehno.log?ﬁeeded td USe thelr potgp;tlal plant power. 54 '

i

Orgamc fuels f’all‘ 1nto two’ broad categones waste frqm non energy
-prﬂcesses;(suc]'\' 8. food ahd “pdper' production) ‘#hd* crops -growns o,
“explicitly >for’ théir energy value. Since waste disposat ls,ur'tav(fr ble_ _ﬁig
-and often costly;” converting waste .into fuels— Ee first option—is"a " .’ "
sensible alternatiwe to using valuable land for g%(ba e dumps. How- -
Lever, the task of-waste collection an disposal, sua?ly falls to those

, who¥%ling to the bottgm © n§s of the etonomic’and soctal ladder and,
“* until- tecently, waste seldom attracted -either the-irterest of the well— '
"» educated :or the" mvestmEnt“dollars of the well-heeled. But chanfe i§ °+
afoot, partly beeause s8lid waste is now often viewed as a source of ..,
. a updan.t high-grade- fuef‘that is closé ttdfma]or gnergy mar ets dot

NYar ,',

t . The was.tes‘easuast,\ o\}tap for fuel§ m'a)?-’l;'e those that,come from fczod.
" production. Bagass¢: the residue,; from ' sugar’ canies has” lorfg been
.used as fuel in most cane-growing’ regions. Corn.'stalks ‘and. spoiled” - - "
.grain are. being eyed as -potential sources of energy in the American
-Midwest. And India’s brightest hope for bringing commercial energy |

to most of its 600,000 villages is.pinned te a device that produces\- '
: methane from excrement and gfxat leaves fertlllzer as a residue.

- R .

.-

K Agncultural res:dues—the inedible, unharvested portions of Eood
‘crops—represent the largest potential source of energy from waste.
. ,But,tmost plant résidues -are sparsely dlstr;butedt ahd #ome cannot be
at¢d~. théy are-rkegded to feed, livestock , retdrd gfosion Ynd' enrich
ge soil.’ Yét, wisely used, field residiiés -can gu £ thq' SOll provide PN
- 'anxmal fodaer and serve as a fuel 50urce -"' ,' o 4

"k
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_Agricultural energy demands are highly: seasonal,: ang“usage peaks dg, .

‘energy is most ‘plentiful.. In agricultural systems still largely depen-.

‘can easily be stored .until needed. On mechanized farms,. energy stor-
- /age poses a somehatmore difficult problem. * =~ ..t

- *Mich undigested energy remains bound in animal: excrement; and

¢ ‘world for centuries; in the United States, buffalo chips once provided

. .cooking fuel to frontiersmen on ‘the treeless Great Plains.. In India

today, about 68 million torts of dry cow dung.are burned as fuel each’

-+ "potential' héat and virtually all the Wutrients in' excrement are lost in
Ziinefficient burning.’® Far more work could be obtained from dung if
it wee first digested to:produce methané gas; moreover; all the nutri- -

f’,‘ - énts originally in the dung /could then be returned to the soil-as~fer-
tilizer.% R A R e o

'”-"yga‘r, .mostly in rural areas, althqdﬁh more than-90 pefcertt of. the-

*

A;A; cattle feedlots, chicken coops, and pig sties could easily become-ener-" '
: gy farms. Indeed, animal dung has been burned in some parts of the -

.- i Coe -,""-,"j .. .. ) . ) L ‘. » ;
i In.'May 1976, *Calorific Recovery. Anaerobic' Process Inc.; (GRAP), ;

not always: comicide with the periodsduring which residue-derived -

dent -upon draft animals, this problem is minimized: silage and hay | -

q

'Animal excremént is another potentially valuable source of energy.

.-of Oklahoma.City received .Federal Power Comsmiission. authorization ;. -

e _to’;f?rovfd‘e the Natural. Gas Pipeline Comparty. annually with -82Q
7, mill . er cedlt y
#3:lar proposals are béing .advanced. Although midst commercial-bidogas
_plants ‘planned-in the United States are asseciated with giant feedlots,
a more sensible long-term strategy might be to range-feed cattle as
. long as possible and then to fatfen them up, a thousand at a time, on
_ farms in the midwestern grain-belt. Cow- dung could power the farm
“and provide surplus methane, and the residue could be used as ferti- -
lizer. In addition, methané genération- has been-found to be economi-
cally attractive in most dairiées—an important point since more than
of all U.S, cows are used for milk production.®”’ . e
%% Pt - ey f"," .l . .4_:,..{'-_, . - e _._” )
‘.C,a'lhatti 1g €rap’résidués and feedlot wasges in-the United -States con-,
" tain .47 ‘quadrillion"Btus ‘(quads)—more-energy- tan all ‘the_ nasion’s
. farmers us ;'."Qe:fe'fa'ting"; ifethane frém, sych Tesidugs -is. .often eco-

. g . ] i
A oM LA o

on cubic feet of:thethane derived from feedlat wasteés. Other sinfi . !

> Y.
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ﬂﬁx:‘that is totally energy self-suffi-

'O

nomical, _'How:e(/‘_e'r‘; deveio?ing'f-”'
cient ‘may. require a broadet |
output: D . o

Human sewage, too, contains-‘a large: store of éheréy.' In some rural
areas; ' ¥.inJChina and, India; "ambitious programs to. pro- -

particujark; )
Puﬁl‘ om*human and-animal wastes are under way. Un-.

' &?gi #

tstmake clean: enefgy-recovery vastly more difficult. If these
» fts were kept séparate, a large new energy source would be-:
ome available. o R ' ST
S % I e ar . e . - ) .
The residues of the lumber ‘and paper mdustdfks also .cqntain usablé
energy. A study conducted for the Ford Foundation’s Energy Policy
. Project fouhd:that if the' U.S. paper industry were to adopt the most
- ..enefgy-efficient technologies now available and were to use its wood
wastes as fuel, fossil fuel consumption could be reduced by-a stag-:
.gering 75 percent. The:Weyerhaeuser Company, recently announced
.a.$75 million prdgrah to’ éxpand: the -yse of -wgod ‘waste-as fuel for
s paper mills;."We're. glttirig. out of oil afdigat wherever we cah,”
.cothmented George Wiyerhaeuser, the company's . piesident. Sweden
f“ﬁrg'ady' obtains: 7 pércet, of 'its total energy :budget! by exploiting

[SER T AR

vastes of its huge fotest-products industry.
: - K A Rd (A

.

D B S K [ Q '..;.‘ e .
. Eventually,” most ' papér- becomes urban trdsh: Ideall{y much” of it
should ‘instead be. recycled<a process that. would' save ‘treét, energy,
" .. and ‘money. But unrecycled paper, along withsrotten vegetabjes, cot-
' ton rags, and othet’ organic garbage, contaihs energy that can*Beé eco-.
- nomically -recaptured. Milan, Italy runs _its- tralleys and'’ electric
buses partly on.power produced from trash. Baltimore, Maryland

Dol

"ex‘pecf,,to eat much of its. downtown business ‘district soon ‘ith
- fuel obtained by distilling 1,000 tons of garbage a day. .

:«tracted, produce nearly* five quads. per year of methané and “charoil”’
- —about % .percent of the current U.S. energy -,‘budge‘t‘: Decentralized

o W S BT
.

c')_'a}f?'than maximizing short-term food -

American, waste streams. alone could, after conversion lasses are sub- *

icindustrial “effluents ‘are now mixed with. human =~
y. of the industrialized world’s sewage systems, and thes¢ ~

#
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. agrari n‘sdcieties'coulgl.deriye a far.higher. percentage of their.com- °
mercial energy needs frem agricultural, {gcegi and urban wastes:- "
"The second plant-enérgy option; the duction -of -*’energy crops,”

_‘fien pressures are Jalready relentlessly, pushing food producers: gnto
v+ -lands . ill-suited "] conVentional - agriculture. Yet,” much potential
. ‘energy. cropland does exist in freas whete food production cannot be
L su‘stainedL,Some primie agricultural land could also be employed -dur-
¢ ing the off-season to grow energy. crops. For example, winter rye
. (which has. little forage value) could be plarfted in -the American
~*. " Midwest after the fall corn harvest and harvested for énergy in the .
‘ spring before maize is sowed.” - e

‘ W .

will probably be ‘12'nlted to mrarginal lands; 'since worldwide popula- - }

‘. Fdctors other than land scarcity limit biomass growth. The unavail-

... ability of nutrients and of an adequate water supply are two. Much
marginal land is exceedingly dry, and lumber and paper industries
will ‘make large demands on areas wet enough. to support trees. The . -
energy costs of -irrigating arid lands can be enormous, reducing .the

, ..o et energy_ow,tpixt_,d’ramaticalllx_, Lo e 0

.« 5 Yields from energy.crops will reflect the dmount of sunlight such
' crops ‘receive, the acreage devoted to collecting energy, and the ‘ef.gi-
.. ciency -with which sunlight is captured, stored, harvested, transport-
+" .ed, and put to work. Ultimately, they will also depend upon our abili-
.ty to produce crops that do not sap the'land’s productivity and that
“can resist common diseases, pests, fire, and harsh weather. . .. "
: . . . ) N SN o
v, , The most familiar energy crop; of;course, is _f;re_w‘q;g__df, A, .go‘;;d fueb .
w7 tree;has:a ‘high-gnaual Yyreld when'densgly planted, resprouts from cut. *
¢ stumps fcoppices),” thrives with only ‘short rotation- périods, and is
: . generally hardy. Favored species for fuel treeg are eucalyptus, syca- '
more, and poplar—an intelligently planned \ree plantation would
- probably grow a mixture of species. - S 2 e

- Forests canopy about orie!tenth of the planet's,sﬁr(:_ace and re'present,.‘

_‘about half the earth’s i« ptured biomass, energy.®® A’ century ago;
Lt United St5t$ obtained ‘three'-folurlh%‘of" ifs-tommercial energy '
EREAE .° LR . ',.'_ '.(, - } "1‘6._- \ Lo
'-. . Y .
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LA . “Forests canoPy about _cilie-fouyth-of the - .
: - planet’s surface and represent about half
the earth’s captured biomass energy.”
cnade . & - . N

. . ..."-b_.. i

3 from wood. In the industrialized world today, only a small number of Q
t:‘ e rural poor ‘and a haridful of self-styled rustics rely upon firel- >

avood: However, the case is mphatically different in the Third World. 45

"." Thirty percent of India’s ‘ener% v, and 96 :percent of Tanzania’s comes. )

-2~ from wood.#.In all, about half the trees cut down arouind*the -world

- \are burned to cook food and to warm homes. ~ S : '

‘

""" In many lands, ynfortunately, humans are propagating fastér than

. trees: 'AYthough much attention has been’paid to ‘th,e",pogulation-food'
_equation, scant notice has been given, to the question of how the -
 erowing - numbers will: cook their ? te. ‘

ood. “As- desperate. people ¢lear the
and of mature trees-and "saplings alike, landscapés become barren;
rid, where watersheds are stripped, increasingly/ severe flooding oc-
Burs. In the parched wastelartds of north central Africa and the fragile

mountajn enviroriments of the Andes and the Himalayas, the worsen-

"~ ing shortage of firewood is today’s most pressing energy crisis.®!

Y T O I R P I - S ) e e PO P
. Q\'?aﬁ%%‘”y"bf parft}'ar solutidnis Ravebeen'suggested for the *firewood
_clisis.”” In southern Saudi Arabia, someNribes impose the same penal-
ty for the unauthorized cutting of a tree W for the taking of a human
~ life. China has embarked upon.an. ampitious ‘reforesfation. program..
+ " and many other nations are following ‘suit/ Some forestry exp‘erts ad-
vocate substituting fast-growing trees for/ native varieties as' a means

of keeping up with demand.¢2 ‘However, the, vulnerability of fqrests of

v

-..,. genetically similac- trees to "diseages&'_pd;‘ée)g,ts‘,calls -the application” ok
% such agricultural tevhniques to sit¥icl Ityre ifto question.. - e

lmpré\/iﬁ
.t

H . ’ -

the efficiency with which/ wood is used would also help
: ghe firewood shortage. In India, usin firewood for cooking

is typically less than 9 pgrcent jefficient. T%\e widespread use ofs ..

downdraft wood-butning stoves made of cast iron cpulc"i), S. B. Rich- * , -
ardson. estimates, cut northern CHina’s fuel .requirements for héating
and cooking by half.#* Other efficient wood-burning devices can be .3
_made bylocal labor with local mg/t’grials‘,_ L A s

- >

** Wood can be put to more sophisticated uses than cooking and space
't heating. It can fuel boilers to produce electricity, industrial process -. .-
‘.., steam, or'both. The size_of many prospective tree-harvesting operav v, .

A i Ry
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out 800 tons per, day) is well tailored to many indhétrial ener-
s. Decentralized co-generatipn, using wood would also fit in

’

rban areas. In particular, the creation ‘of forest ’ lantatipns”
coal has been recommended.* However, some résearchers argue that
- the: cost of transporting bulk biomass should ‘lead vus . to Ehink in
\*t_erms of energy “'farms” of a few thousand hectares or less.® e
- . Trees are not the only 'enerﬁy crops worth consjdering. A numbef of
other land and water crops have tl eir advocatés among bioconvé ion
specialists.. Land plants with potential as energy sources idclude.
Sugarcane,” cassava fmanioc), and sunflowers, as well as soffie sor-
‘ghums, kenaf, and forage grasses. Among ¢he more intyigffing’ plants

;;J’.Ender'~f¢ori-§id'er'ati6h'i;aré'-,fupﬁa'?.b"ia' lathrgs and ‘Eup, - rncalli;
. ."%shrubs whose sap contains an emulsion of hydrécarbond, in water.

‘While other plants also produce hydrocarbons directly, those pro-

duced by Euphorbia resemble the constituents in, petroleutn: Such
‘plants ‘might, Nebel laureate ‘Mebvi r&alvin estinfatess: produce the

S ol Perldcie’ par year at a cost ef $10°
-or. less. per barrel. Mogeover; Euphorbia thrives on dry,; marginal
a5y >0 Mogeovers Buplorbia thiives on dry.; marginal

. o . o s
. - .
RPERTFARARY S5 "

-equivalent of 10 to 50 barrels'df

i N

£

by .thd Stanford Research: Institute suggests, and side-by-side crop-
ping could allow yeir-round harvesting-in many parts of the world.

. Such mixed cropping ‘would also increase ecolbgicalfdiv,er.sity;-mir}i.—__._ \
mize soil. deplefion, .and lower the’ vulnerability of erergy crops, to:...

¢ - natural andhumanathyeats.s? . .\ - P RS
A ’ » TR ' ] ey Yo
gt Pl :

! ports"b};ﬁ'NA'SA National Space Technology ‘Labora-
ries.have focused attention on the energy potential in water hya-
- scinths. Thought to have originated in Brazil, -the fast-growing water

! :W-: o ) ’ R : . ' v )
different crops could be cultivated simultaneously, a report

».current workdwide efforts -to- move major industries .away - -
. z . | y

- to.protluce fuel for large power plants at a cost comparable to that of -

hyacinth now thrives in_ more than 50 ‘countries; it flourishes in« -

the Mississippi, Ganges,” Zambezi, Congo, and Mekong rivers, as
well as in remote .irrigation ‘canals and drainage ditches around the
- world. The government of Sudan is experimenting with the*anaerobic ,
digestion of thousands of tons of hyacinths mechanically harvested:-

- e .3
s i . . v L)

KA
R
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“the:White Nile. However, a recent Battelle Laboratory report dis- ¢
counts the poteritial commercial importance of watet hyacinths in”the
JUnited States, in part because of ‘their winter dormancy.¢® - 47
Algae"is dnother potential fuel. Some cominon types %f this scummy,
‘nonvaseular :plant have phenomenal growth rates. However, current -
harvesting techniguies require large inputs of energy, the use of which
Iowers-the net energy output of algae farming. Am'\ough solar drying -

vould. improve .the energy” balance, engineesing breakthroughs are
needed before impressive net energy yiels can be obtained;, - - * '

One of -tHe more fascinating proposals for raisilig energy crops:calls s
‘for tfge cultivation of -giant seaweed in the ocean.. -g\s Dr. Howard

-~ Wil¢ox, manager of the Ocean Farm Project of the U.5. Naval Under-

" sea Lenter in San Dfego, points out, "'most of the earth’s solar energy

. falls at sea; because the océans cover some 71 percent of .the surface

. area of the globe.”: The.Qcean F4rm Project,. an effort to cultivate

i 7. giant.California kelp to capture som& of tl\is‘ energy' throughjphoto-
. . synthesis, ‘presently - covers "a. quarter-acre.. But” the ‘experimental

%z " operation will, -Wi{cox hopes, eventually ‘be replaced by an ocean

¥ farp 470 miles:sqfiare. Such a sea field could, theoretically, p}*oduce as *

__mujchknatu:x'a'l_‘_'g'as as the U;-S.‘?currently'.\é”czrhxmeS.ff" - S
. . . * . b . A * RN ~I-'~ « =T

BT

e

. Biomass can be transformed into_useful fuels in mgéy ways, some.of &
_se:which were developed by the Gerthans during the petroleum short- © ,
1 ages of World War II: Although one-third to two-thirds of the energy

- inbiomass is lost' in _mée .conversion progesses, the converted fuels -
can be used: much more ‘efficiently than-raw" Jiomass. The principal
, technologies now being explored are: directComBustion, Arvagrobic «
1 ‘digestion, pyrolysis, hydr_élysis,-,hydrogasiﬁ‘gation;"qnd hydrogena-: -
- ton. . - N
"7 In the iridix%trialized world, organic- energy is often recovered by.
.- burning urban’ sefuse. To produce industrial process steam or elec-. ‘

" tricity - or, both, _several combustion’ technologies can be employed: « : .
 ‘waterwall incinérators, slagging. incineratofs; and incinerator: tur- A
* bines. Biomass''can also be miixed with fo§sil fuels in conventional ™

O
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1 .

ilers, while fluidized-bed boilers can be used to burn' such diverse
ubstances as lumber mill wastes, straw,.corn cobs, nutshells, and
manicipal wastes. R ‘e ST
Since trash piles up menacingly in“muth of the urban world,, cities

can ‘affgrd. to pay a premium Ffor energy-generating” processes - that .
educe the volume qf such waste. Urban ‘trash lacks the consisténcy -
‘of -coal, but its low sulfur content makes it gn -attractive energy

source environmentally. Following the leAd set by Paris and Copen--

‘of ,wa’(er-plant fuel to reduce their solid waste volume, to recover
‘useful energy, and to lower the average sulfur content of their fuel.

*:12 towns,’ producing steam that is then sold to a nyarby General °
“sElectfic factory that hopes to save. 73,000 gallons of
day dn its new fuel diet. - T

? N .

- The’ next easiest method of energy recovery={s anaerobic digestion—a
- .ferenting process performed by a mixture of micro-organisms3 in the
= abgénce 6f oxygen. In anaerobic digestion, acid-forming bacteria con-
'’ vert wastes into fatty acids, al]cohols, and ‘aldehydes; then, m,ejhéne'—_;"

forming bacteria convert the jcids to bipgas™$All biomass except wood™*-

can be amaerobically-digested, and the ptocess has been reconimended
for ‘ase in breaking down agricultural residues and urban refuse.”* °
*. Anaerobic diﬁestion takes place in a water slurry, and the process ~
. * . requires- neither great quantities. of energy nor eéxotic ingredients. ”
Anaerobically digested, :Le dung from one cow will produce an aver-
age of ten cubic feet of biogas per day—about enough to meet the -
.datly cqoking requirg'me:\ts of a typical Indian villager.

S0 L
o

Many developjng and some industrial nations are returning to this-gld
‘technology, “avaerobic digestion, for a new source of energy. Bib‘é;,s

. generators convert cow dung, human #xérement, and inedible agricul--
~ tural residues into a mixture, of methane aiid carbon dioxide that also
contains_ traces of nitrogen, hydrogen,.’and-hydrogen™sulfide. Thirty

-

-hagen 50 years ago, several cities now mix garbage with other kinds .-

A $35 million plant in Saugus, Massachusett>¥trng garbage from .~

uel oil per - - -

-
o

o

>

. thdusandé:ﬂ;\al] biogas plants. dot the Republic of Korea; and the ...

- .. People’s publi¢ of China:claims to have about two million biogas
plants in operation.” . . - .

AT -
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ndia has. pioneered*efforts to tailor’ biogas conversion to small-scalé
perations: -After the OPEC price increases of 1973, annual gobar
ﬁ Hindi; word for cow dung) gas plant sales shot up first to"6,560
and then to 13,000. In 1976, sales numbered 25,000. ‘‘We’ve reached
“take-off,” says H. R. Srinivasan, the program’s director. “There’s no
‘stopping us now."”’ i '

“Iﬁﬁ_‘h’d&ijtfior'_\ to methane, other products can be derived from' the bio-*

- - Ashram in Popdicherry, India, wastes from cows, pigs, goats, and
-+ "chickens -will be gasified; the residue will be piped into ponds sup-
... porting algae, aquatic plants, and fish grown for use as animal fod
., der; and treated effluents:from the ponds will be used to irrigate an
" . feftilize vegetable gardens. Experience with biogd#s plants in “inte
7+ - grated farming systems’ in Papua-New Guiriea suggests that the by
© - * products. of such controlled processes can be even mo :

than the methane.” . o o

. ..
y e

gasification of animal wastés and sewage. The residue of combustion

. is a’rich fertilizer that retains all the original nuitrients of the bjomass -

and that alsa helrs the soil retain ‘water in dry periods. At Aurobitdo
i

val"u%b!‘g

4

In Je'sleiqp;in countries, decentralized. b@logical energy systems like -

* ~'that planned in Pondicherry coulds:trigger positive social charige. For
_small, remote villages -with nq, prospects of getting electricity from
- central power plants, biogas can provide relatively inexpensive, high-
grade energy and fertilizer. Ram Bux Singh,-a" prominent Indian de-

five-coyw. plant will repay its investment in just four years.”> Larger
 “plants sérving -wholg_'vjﬁages .are_even more economically enticing.
_ However, where capital is scarce, the initial investment is=often diffi-
. cult to obtain. In India, the Khadi and Village Industries*Commission

promotes gobar plant construction by granting subsidies and low-

- interest. loans. The Commission underwrites one-fifth of the cost of

. veloger and proponent of gobar gas plants, "éstimates that a small

-~ *. individdal, plants and one-third of the cost of community plants. In-

.of tooperative plants. = . _ R

e

the pooret areas, the Commission pays up_to 100 percent of the cost
L In efforts to hold-down the cost of gobar plants and to cohserve both
L% scarce steel and cement in developing lands, researchers ate producing

e, .

. ) - -o ., - .
.- . 7Y . .
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‘new materials for use in digester construction. For example; a large .
.cylindrical bag, reinforced ‘with nylon and equipped with a plastic in- ..
t and ‘outlet, cap be installed ih a_hole in -the ground .and weighted
down in about o our. The total cost can be as little as 15 percent
of that.of converitional ~QOther, experimental models are.now
being made.out of natural +ubber, mud bricks, bamboo pipes, and

_ various indigenous hardwBods. In-general, the ideal biogas plant for
" poor,rural communities would be labor-intensive to build and operate .

" and'would be constructed of local materials. | ; . -
The principal problem plaguing Third World biogas plants are tem- -
.perature shifts, which can slow down or halt digestion. Low tempera-
tures are particularly troublesome in Korea and -China, where gas
sproduction slumps in winter when energy demands are highest. Pos-
sible_remedies include improving instlation, burying future facilities: .
7t take .advantage of subterranean heat; and. erecting vinyl.or glass -
.. greenhouses over ;the: digesters'to.trap solar eriergy for heating. Alter- -
'~ natively, some’of * the:gas ‘prodiiced .in"the digester. could be used to -

‘heat the apparatus itselt:"” -~ -2 7..% .

¢ wiet”

“Alani Poole, a bfoconversion spe'cﬁlist with the Institute for Energy:!*"
- Analysie at OaR Ridge, estimates that methane produced at the rate
of 100 tons per day in a U.S. biogas plant would &t{less than $4.00.
per million Btu’s, which approximates the expected“fost of deriving
commercial methane from coali#* In industrial countries, however,
, the recent trend has been. away from anaerobic digéstion. In 1963, *
r., ' .this-process was utilized ig 70 percent of the U.S. wastewater treat- ,
« 7~ mernt plants, but today it is being replaced—especially in smaller cities—.
and towns—by processes that use more energy than they produce.
. The switch, which is now taking place at a capital cost in excess of
.4, $4, billjon annually, was promhpted largely by digéster failures. Al-
: % though poor design and opefator error can both le#d to pH imbal-
. dnces or temperature fluctuations, the principalcause.of unreliability
-appears to be the presence of inhibitory 'materials—especially heavy
metals, synthetic.detergents, and other industrial effluents.

'

i

" These same industrial contaminants can also cause ser'io‘us problem&-
-if the digested residues are used as fertilizer in agriculture. Some of
" thése inhibifory ‘substances can be separated routinely, but some will

'9512 %‘ o . - ; |
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have tcf be cut off at the sourte and fed 'int6_ a_different treatment:
gocqss if excrement is to be anaerobically digested. e , 51
AU B Vs
“Afidérobic digestion produces z mixture of gases, only one of which -
: ~methane—is of value. .For many purposes, the gas mixture can be
-uged without. cleansing. Buf even relatively pure ‘methane is easy to
 obtain. Hydrogertgulfide ‘can be removed frofh biogas by passing it
- over iron filings. Carbon dioxide can be scrubbed out with lime water Sy
(calcium’ hydroxide). Water vapor .can be remoyed through absorp-- e
=-tion. The remaining gas, methane, has a high ,f;’fgl'_gy-content_ . .

1

.. Biogas plants have few-detrattors, but some of. their préponents fear

5th i things are moving tod fast and that large sums ofmoney may be
*invested” in . inferior. facilities when significant improvements may

‘wait just aroundcthe corner. A recent,report to the Economic Social .
" Commission for Asia and the Pacific said of the Indian ‘biogas’ pro-

‘gram that “the cost should be drastically reduced, the digester.tem-
*. “perature controlled during the winter months through the use of solar

- energy and the greenhouse effect, and the quality of the’effluent im-

proved,” béfore huge.amounts of scarce cz:fital_are sunk in biogas .

‘technology. To these misgivings must be added. those of many in the
Third World who are afraid that the benefits.of biogas plantssmay fall
exclusively“or primarily to those who own cattle and land—accentuat” " .
" ing the gap between property-owners and-the true rural poor.”* R .

To quell the fears of those with reservations about biogas develop-

ment, most government programs stress community plants and co-

operative facilities; and many countries are holding off on, major

commitments of resources to the current generation of digesters. But,

~ whether:antall or large, sophisticated or crude, fully automated or

. labor-inferisiVe; ‘privately-owned or public, biogas plants appear des-
tined for an intreasingly important role in the years ahead. o

' While hundreds of thousands of successful anaerobic® digesters are,
-already in operation, many other energy conversion technologies
are also attracting increased interest. Hydrolysis, for,example, can be

used to obtain ethanol from plants and wastes with a high cellulose -
contént at an apparent overall conversion efficiency of about 25 per-

kS
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. cent, The: cellJlose is hydrolyzed ‘into stigars, using either enzymes or.
chemicals; the sugar, in turn; is fermented by yeast into ethanol. .

82 . Though most research on hydrolysis has thus far been small in.
: scale, Australians have advanced propogals for produeing sprodigious
quantities of.ethanol using eucalyptus wood as the base aid concen-

. trated” hydrochloric acid as the hydrolyzing agent. Ethangl so pro-
** . duced could substitute for a large share of Adstralia’s rising oil im- - .
Sl ports.7e. o o T -

Loy

ot . Eooo . . . e ) . .
b Pyrolysis is -,(h{:‘d;éstruc{ive distillation of organic matter in the ab-
sence of oxygen. At temperatures. above 500°C, pyrolysis requires
ofily atmospheric pressure to produce a mixture of gases, light oil,
and .a flaky xhar—the proportions of each being a function of
..4;, + operating conditions. In particular, this process recommends itself for
e use with woody biomass that cannot be digested anaerobically. ’

True pyrolysis is. endothermjc, requiring an external, heat source.

‘Many systems loosely termed "‘pyrolysis™ are actually hybrids, lem-

. «;ploying combustion at.somé” stage to produce heat. Three of jthe .

.Y dozen or so systems now under. development are far enough flong

"":to warrant.comment. The Garrett “Flash Pyrolysis’ process invplves

‘no combustipn, but its end product (a corrasive -and highly vifcous.

oil) has a Iow energy content. The Monsanto, "Langard’’ gas-pyrglysis-

process cait’be used to produce steam with an overall efficiendy of

* 54 percenit. The Union Carbide ""Pyrox’’ system, a high-temper

. . operation with a claimed efficiency of 64 percent, uses pure oxyge
in its combustion stage and produces a low-Btu gas.””

i

Hydrogasification, a process in which a carbon source is treated with
hydrogen to produce a high-Btu gas, has been well studied for use
with coal. But further research is needed on its potential use with
biomass’since, for example, the high moisture content.of biomass
.may alter the reaction. Similarly, fluidized-bed techniques, which
work ‘well with coal, may require a more uniform size, shape, density,
and chemical composijjon than biomass often provides. Experimental
work on'the application of . fluidized-bed technologies to biomass
_fuels is now being conducted by the U.S. Bureau of Mines in Bruce-
'+%:" . town, Pennsylvania. - ‘ _ -

.- Tt
- . . LA
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. “The selection of en'er%y systems gill
~«_ be pargially dictated by the type of tuel
desired: the'ends will specify the means.”!

h~

Hydrogénation, the chemical reduction of organic matter with carbon -
monoxide and steam to produce a heavy oil, requires pressures great- =~ .
er -than 100- atmospheres. The U.S. Energy Research and Develop- 53
ment Administration 15 paying for a $3.7-million pilot plant 4t- Al- ¢
bany, Orégon; at the Albany plant, hydrogenation will be used to tap
the-energy in wood wastes, urban refuse, and agricultural residues.

The selection of energy systems will be partidlly dictated.By the type
of fuel desired: the ends will specify the means. In a sense, the d}:-
-velopment. of biclogical energy sources is a conservative, strategy,
<since the products resemble. the fossil fuels that currently comprise
most of the world’s commercial energy use. Some fuels derived from
green plants could be pumped through existing natural gas pipelines,
and others could power existing ;automobiles. Nuclear -power, in
contrast, _’Produce’s only electricity, and converting to an energy sys-
‘tem that is mostly -electric wotild entail major cultural changes and
. enormous capital expenditures. ' (

Biomass processes can be designed to produce solids (wood and char-
coal), liquids (oils' and alcohols), gases (methane and -hydrogen), or
~ electricity. \ Charcoal, made through the destructive distillation of wood,.
has been used for-at least 10,000 years. It has a higher. energy. content
er ‘unit of weight than does wood; its combustion temperature is
ﬁigher, and it burns more slowly. However, four tons of wood are
required to produce one ton of charcoal, and this charcoal has the
nergy content of only two tons’of wood. For many purposes—in-
. dluding firing boilers for electrical generation—the direct use of wood
- is. preferable. Charcoal; 6n the other hand, is better suited to. some ,
specialized applications, such as steel-making. - o . :

.

Mefhanol and éthanol are particularly useful biom#&¥ fuels. They are
" ' octane-rich, and. they can ge easily mixed with gasoline and used in
existing internal combustion engines. Both were commonly blended
~ with gasoline, at up to 15 to 25 percent, respectively, in Europe be-
tween 1930 and 1950. Brazil recently embarked upon a $500-million
: program to dilute all gasoline by 20 percent with ethanol made frorh
sugar cane and cassava. Meanwhile, sevgral'major 11.S. corporations

.. L. - » . s
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’a_ll'é's_l:\‘QWing keen interest.in methanol: These alcohols could a’lso‘f'u,e_l
lowspolluting external combustion ¢ngines.”® ‘ P

The gaseous fuels produced from biomass can be burned directly to -
cook food or to provide industrial process heat. They can also be
used to power pumps or generate electricity. Moreover, high quality - .
',',_g_gjeg such' as ‘methane or | ydrogen can be economically moved long .
" distances via. pipeline: A “synthesis gas” consisting of Kydrogen ahg .
7", 'carbon monoxide was manufactured from coké. in most U.S. towns at
< » the turn of the century; knowr¥popularly ag:’town gas.~ jt was
* piped to homes for lighting and 'c00king;~.‘AJ;_',,s'in\ilar"’lc")éalvbr-ew“'-"'
fnight make sense today for ateas rich in trees?biit poor in' the type of
bjomass needed ‘for anaerobic digestion. Syntliesis gas can be further
processed into methane, methanol, ammonia, or even gasoline.

: The price in constant dollars for oil-based fuels declined during the
bl 1950s and 1960s, partly because uses were found for more and more
of the by-products of the refining process. Similarly, as the residues .
-of biological energy processes find users, the production of fuels
from biomass will grow more economically attractive.
L "o : . : ' ’
Many biomass schemes reflect_the assum tior}»;.;hat energy Crops can
supply food as well as fuel. Even the plans’tg-cultivate islands of
~deep-sea kelp include schemes for harvesting abalone in the kelp beds. -
. Many energy-crops, including water hyacinthé, have proven palatable
-~ to cattle ar‘\!other animals, once solar dryers have reduced moisture
: to apprepriate levels. ~ : T .

= - More sophisticated by-product development has: also been planned
' by students of chemurgy, the branch of applied chémistry concerned
. with the industrial use of organic raw materials. In the 1930s, George
* ‘Washington Carver produced a multitude of industrial products {rom
peanuts, while Percy Julian derived new chemicals from vegetable dils.

. And, for the record, the plastic trim on the 1936 Ford V-8 was ma

from soybeans. ¥ N : N

Organic fuels can;be'e\r many different relationships to other products.
Sometimes the. fg)els themselves are the by-products of efforts to
I - : : :
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-.‘prd'dt;ce food (e.g., sugi;r), natural fibers (e.g., paper), and dumber - *

“ or wood chemicals (e.g., turpentine). Sometimes the residues of fuel-  _ -
~'producing processgs, may be turned into_ plastics, synthetic fibers, '§5§
. detergents, lubricating oils, greases, and various chemjcals. . .. &0t 0
I o I e e S SN

- Biological; tﬁrgy’-systgn‘{s are fiee of thesmiore frightening drawbacks®

~ associafed ‘With Zurrent energy-‘sources’ They. will produce no bomb-
grade miatetfalsinor radioactive wastes. In equilibrium, biologicalen-
"5 ergy sources will contribute no more. carbon dioxide7to the’atmogz.? =
. phere than they will remove through photosynthes‘s;’ and switchin :
4o .biomass conversion will ‘reduce the cost of air pollution contro% '
since the raw materials contain_less sulfur and ash than many other
- .- fuels'do. Indeed, some.biological energy systems would have positive
“ . - environmental, impacts,-+Reforestation projécts will' control soil erox
‘i ** djon, retard siltatiod of dams, and’ improve air quality. One type of
" i biomass;.water ‘hyaXinths,’ can ‘control certain forms ofwater pollu- .-
. tion, while.others temovedndny air polutants,, . . o

PR
¥

"+ Withqut wise m’anagemexa\t, however, biclogical ‘energy. systems could
.. enigender major environmental menaces. The most'efem 'y danger
%, - .associated with biomass production s robbing the soil of its ssential
nutrients. If critical chemicals in the soil are not recycled, this “re-_
newable” energy resource will produce barren wastelands. o
. « +Recyclipg ‘nuttients can, “alas, ‘bring its own problems.’ First, if ‘in-
7" dustrial- wastes are included in the recycled material, toxic residues ,
" »may build up in the soil. Some eviflence suggests that certain con- T
" *i.taminants—especially such heavy méals as cadmium .and mercury—
" ‘gre ‘taken up by some crops. Secqnd,;some .disease-causing agents,
. gepecially viruses, may survive sewage. treatment; processes. Many of
# - these pote{\tial infectants found in wastes can be controlled simply by
" %_-aging .the sludge before retirning -it, to the soil. But, "during out-
" breaks of particularly virulerit. diseases, human excrement wilihave'
to be’ treated, by other means, suclftas pasteurization, before being ap-
- plied to agricultural fands. . e e '
, . ¢ * . . o . - . -
Because_of the_relatively low efficiency with which plants capture,

- surﬂight,. huge surfaces will be ‘needed to grow large amounts of
’ i / ) B .
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*. biomass. lf‘)iolbgifc"a}‘ energy farms sigpificantly alter gKisting pat® -
. terns of surfacg vegetation, the refléctivity and the water-absorption
patterns of immense tracts of Jand .could change. Moreover, new de-
nds for gigantic tracts of land may eVentially intrude upon public

! bt o co. - .
\ o Teserves; wetlarids, and wilderness areas: ., - N
AR PSR ., ’ F e o R e

o« »

is largely karren of plant nutriénts, and large:scale kelp farming of

the deep ocean .might Involve the use of wave-driveh pumps to pull

. cold, nutriejt-rich- water from the depths up to thg surface. . A

.. 100,000-aese Xarm might require the upwelling of as much_.as*two Bit.

** " lion toMs of wati a.day, with unknowfi*conseqitences for the marine’
‘ -.~environment."Dgep wateérs also contain. more inorganic earbon- tha

. surface waters do, upwelling such waters would entail the release oi'

carbon dioxide ‘into the atmosphere, (Ironically, a classic’defense of

+,.'Ocean farming cati ga overboard too. The ‘surface of the deep ocean

biological energy systems has been that they would avéid the byild-

up of atmospheric CO? associated with the combustion of ‘fossil

fuels:) All:these effects. might be somewhat mitigated if ocean farms

were located .in ¢ooler regions to the' north and south, where the
¢, temperature difference between surface waters and deep waters is less.

" If the quest for enefgy leads to the planting of gen‘etically similar,

"~ 7 crops, the. resulting monocultures will suffer from the -threats that
now plague high-yielding food «grains. Vulnerability ‘to pests could

" necessitate wideSpread, application of long-lived pesticides. An eternal
evolutionary -race would begin between plant breeders and blights,

*  rots, and fungi. Moreover, biological energy systems_are ‘themselves
\ - vulnerable to external environmental impacts. A globgl cooling trend,
* for example, could significantly alter the growing season .4nd the net

Using biomass conversion requirés caution and -respect for the un-’

ameunt of.biomass an area could produce.. S

.

_-known. If the eXpanded-use of biological .energy sources in equatorial -

_countries resulted in the spread. of harvesting technologies designed

for use in temperate zones; dire effects could follow. If the biomass

fuels became items of world trade instead of instruments of .energy in-

dependence,  the sacking of Third World forests by multinational
- lumber and paper companies could be acdelerated.

1)
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“The broad social effect’ of biplok'ice]f,@; '
energy systems d'efy pat predictions.”’

] " -

SR Ty e .

“—The broad-social-effects of biological energy systems defy pat predic-

»*" tions.Biological energy systems could, for example, be designed to be’

X labor-intensive and, highly decentralized, but there is no guarantee §7
. that they will evolve this way of theif own accord. Like 1 dinnoga- . -
‘% - tions, they must be caréfully monitored; like all redources, they must

. beutgd to promote equity.and not the narrow ifiterests of the elite.

" Photosynthetic fuels can contribute.significantly to the world’s com-
" ‘mercia] energy sapply. Some of t Se solid, liquid, and’ gaseous fuels
. are &ich¥in’ energyy™nd most:&an Ye easily stofed and transported.”
- Plant power-can, without question,> rovi!e-a large source of safe,
" ~Kw-polluling, ‘relatively inexpensive energy. But. all energy  systems
. have eértain jniractable limits.* For photosynthetic systems, ‘these in- . * .
" 'clude’ the availability ‘6f-sunlight and the narfowness of the radiation
range within which photosynthesis £an‘occur. Access to land, ‘water,
- -and nutrients will algo set production boundaries. And, at a more -
.- profound level, we must ask how much of the total energy that’
drives the biosphere can be safely diverted to the support.of. a single

species, Homo sapiens. 7. . v

Storing Sunlight . = K3

~ Jets and trucks cannot run difectly onesunbeams. At night, of course,
nothing ‘can. Solar en T9,8%0-diffuse, intermittent, and seasonally
variable to harness directly to“serve same human needs. Of course, . °.
interruptions of various Rinds plague all energy systems, and storage ':'#°
problems are not- unique to renewable power sources. Electrical .= -
-~ power lines snap, gas and oil pipelines crack, dams run low during ;"
——droughts, ~and—nuglear.- power plahts- frequently. need repairs_and’
maintenafice. A wind turbine on a good site with sufficient stordge’
capacity to handle a 10-hour lull could, Danish physicist Bent.S#rén-
sen has showrixdeliver power as reliably as a typical moderpsyp¥iclear,

* powes plant. Reliability is thus a relative concepf.”

- =~ AY
Sometimes the intermittent nature of an energy source causes' no.
problems. For example, solar electric facilitigs with no storage capa-
city can be used to meet peak demands, since virtually all areas have

~

-
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N—theit-peak eléctrical demands durifig daylight hours: Some users, such——-
L aé- fertilizer producers, may find that an intermittent energy source
jsv satisfies their needs, And sometimes two intermittent sources- will )
""" complement each other. For. example, wind speeds are usually highest .

. . when ‘the'sun’is not shining, so wind andolar devices can.often be
‘/-e actively used in tandem. R ' -

-~ )

. v o . AN . 0 ;
" ‘Often, hoWever; energy must be.st8red. One option is to. store energy . .
. as heat. ‘Low«temperature heat for warming buildings, fdy example, .. "
. " can be témporarily stored in such substances as water or-gravel; in .
',factf substantial short-term heit storage, cai acity cq{f be economically. "
‘Widesigned xto the structural’ mass of new buildipgs. For longer peri-:
. @ie deutgctic (phase-changing) splts are a compact, effective sterage g
medivm, Higher-temperatute heat,’ suitable for generating ‘electridity,

} c4h"be. stered in hot oi} or perhapsin molten sodium’. A 1976 ghport -
T ‘fotr thes 1J.S. Electric Powe Reséarch Institute rated .thermal #fibrage

or it L ch_inst ,
_-glb'i\.g.}\&}th pumped ;lrydgq;p?gora e and compressed. air storage)as, .'.‘}

)

: tl')\e most pramising{gplions for cepitral 'ut'ilzies,.‘?; e wr N
X T ' L e g :

'Mi'r'\y,f\ ar enthusiasts are intrigued® by hydrggen storage systems.ﬁ-ﬁ o
"' 'The disfinguished British: sciantist and writer ]. -B. S,{;'-Hal‘dane..pﬁ;;;-f'_ -
dicted :in a lecturk given '3t "Cambridge™Uritversity” in ~1923- th#¥, -~

7. England would evettually turn~for energy, to “rows of metallic-wind-l' "
miills working electfic motd#s,” Haldane t%\’en'we;n; on: , v e U
i s« At suitablésdistances, there will eat power stations © -« 2
. ,Q» . wheré diring windy’ weather thé surplus fiower wiil be . .
% ., “uséd, for thegelectrolyfic decomipg¥gion, of* water into. . -
.. &oxygén and hydrogen. These gases will b‘e’,ﬁ‘i? fiedand - °°' [
boorro stared g vast, vacuumjjajk'efe(freservdirs', probably sdnk- “
RN [¥.: . In timesof talm, the gases will be 1/~ .

. n ‘th ‘gi_'dund AN ]

Sn € "r'nb?,ﬁgd in’ explosiba’ metors*working dyna
o .éoduq‘e" electrical*energy onceimpte, gr more¥

T emoxidationCellsSr s Tt L cw o
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robably*, /
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- EIY -3 . .. v R ’Qo‘,.. - .
dane to.advance large-scale _’n?'yn;!ro%én' usage, sine
¢ - a halfecentury - e

- H'alda'ne.'slartled- amb'ridge with fis "Visic;uﬂmo_l:e.' tha hu
i+ 3gd. The peason for the Mlapse is easﬁeno&gh‘é_to Fathomy fossil fuels .+ .
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were for decades 8o cheap that:hydrogen camld not be made competi= -~~~
‘tive. In recent years, interest in hydgdgeén has*revived, partly because

“this fuel has been ysed so successfully in space exploration programs §0
:and partly. because natural gas comparties have gradually begun. to
:a-v;v‘aken from their ' pipe dreams” of endless natural gas sipplies. ~

Under some grand schemes, hydrogen would someday substitute for = =
all natyral gas, replace all' automobile. fuel, ind_satisfy mucH of
fndustry’s 1 y' demand as well But the most-far-fetched of
“ - such prans for a "h en ‘économy’’ 4 irhaginition. Tg;e'
. easiest way to ma'ikg_h{dro ‘ an by're-forming fossil-hydre--
- carbons) is by electrolyzing water; the United States would have to o
4 triple-its_ pgesent electrical generating capacity ifi order to substitute - "
h?'dro'g'el r. the natural gas it’now uses—even if it"vy’ere‘"-@ devote’ . "~
++ -all its electrigity to the task. . . - o

- " Hydrogen. production poseg' ‘a technical, pr l;\lem but it is ome that
. may -eventually .yield;to a cheap technical solution. In"fact, some
- 'promising resé is ndw being conducted on biological production
* Wyocesses andfon technifues .for using h:f

C

h-{gmperature solar heat, to
oxygen. In the meantime,

& split_water sholeculed into«hydfogen an

. hydr ecommends itself for use in storing and transporting en-
. ergy ‘intermittent sources. of power. Easily stored as a pres-
surized gfs, as a super-tooled liquid, or iff metal hydrides, hydrogen

g distances more economically ‘than elec-
fuel cells (where it can be efficiently con- |
centralized facilities). Pressurized hydrogen:
.rAetals. and alloqys, but the importance of this

!

2 Ay Foo e o N
.. Pumped hydro-storage invfolveé using syrplus power to pump water.. ;.
- ._from a lower reservoir. to an. elevated oneX Then, when'power isaneed: ™" o
" " ed; the water is allowed to:flow back tp the lower ppol through:d'ur:
. ‘bine. Pumped h#drowmtorage. is alreadywused-with cofiventignglpo
¢ plants around the world; in"tie' futuge ¥ mdy.be crossbred with twind- ;
-power technologies. The use“of wind energysdeclined in De witk: a '
.E;lﬁ'century ago in_part betgyse “wind muscle” could not comptte = .
“$eonomically - with cheap, sufplus Swedish hydropowew Now that .

' .

o o P
' e C. A | ) . LN R
R e : . . . . . [ o A o' B :
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o i - !
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"~ demand for electricity has mc,reased in bc*h countnes , both are seri-
_ously. considering investing m a hybrid system. Danish wind power
could replace. some Swedish hydropower when the, wind blows, and
S0 % any surplus wind power coulcy be used to pump downstream' water
W back into some of Sweden’s reservoirs. Sweden might also putsué.
wind power independently. The Swedish State Power Board. has-de-.
termined that 5,000 megawatts of wind-power capacity cSuld bgs
" linked with current hydro-elgctric facilities without providing extri

storage. Such a combination of wind power and hydropower wotuld -

make sense in many places: when a dam has ‘excess. capacity and
could generate more electricity without adding more turbines if only it
‘ held;~ fe water, a hybrid system fits the bill. The Bonneville Power
Administration is considering the integration 6f wind turbines into its
extensive hydro-electric system in the northwestern United States..

)mother form of mechanical storage’ r‘@volVes pumping pressurized

_+ air.into natural reservoirs (e.g., depleted oil- and gas fields), man-made
‘caverns (including - .abandoned Jmines);, or “smaller specially-made
storage tanks. Air stored in thi¥ mahner is released as needed to
~+ “rdrive turbines or to run machigery. For almost four decades, design- -
.~ ers have studied large-scale primped-air storage proposats; -but-the
.+~ . first commercial unit is just being completed. Locateéd :in Huntorf,
% West’ Qermany, the system will store the surplus powet “generated by

‘.. " nuglear geactors: durmg penods of low' power-demand. 2, _

....."
LI

w0 Sl ant)ther approach to mechanical Yterage mvolves rapidly rotat-
e »ng flywheels in environments that dre idlmost friction- fpee Recent
o ;-' major- advances irl materials now allow the constructiary of “’superfly-
_wheels” whase higher spinning speeds enable thefn to store large

,}x

"' ;amounts_of. ehergy in_rather small_areas. Flywheels cdauld; in. thesry,

__Je made small and efficient enough to propel individual automohilés.

to recapture the energy that would otherwise be lost duririg braking.

L vb&;ms remain; and these devices are some years away from wide-

. spre dbmmgrcnal appli tions4 - . .

i tnClty cap be stored dlred't.ly in. batteries. Ex15mfg batteﬁes are’
ther expenswe, haye low power and energy »densmes, and do not-

.

ERIC

Aruitoxt provided by Eic:

Although superﬂywhgetls seem -attractive at first blusR, significant
|

ey have already been used -in pilot prejects on trolleys and buses:
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. “Owerall, the storage requirements for a
. . . society based on renewable-energy
: > sources may prove comparable to those
: ) : . of an all-nuclear society.”
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last long. However, experimenta) batteries, some of whick may prove

economical and feasible when used with intermittent energy sources,

. ay sodn enter.the market. Metal-gas batteries, like the zinc-chloride

- - Base-load sou‘?‘feé}&'f electricity, such as ceal plants and nuc)

cell, use inexpensive materials and ave relatively high energy gensi-
ties. Alkali-metal batteries ‘perform very well, but operate at high. ;
temperatuses, and existing models suffep from short life spans. A+
number of other battery possibilities are being investigated and some
promising préliminary research resilts are now emerging.*
_ : Sy IRAry v .

! éar plants,
also require storage. Such facilities cannot be geared up ‘and down to
follow the peaks apd valleys of electrical usage; they produce power
at agsteady-rate, and surplus- power :from ,non-peak Eours' must be
stored for the periods of heaviest demand. For gase-load plants, the
cost of .storage varies with the degree to which consumer usage is not
constant. 24 hours a day.,For solar sources,- the storage costs vary
with the “extent to which usage does not coincide with the, normal
daytime sunlight ¢ycle. Wind power is less predictable; but at choice

. - sites tends to be ‘quite constant. Storage ﬁ)roblems with. hydropower
l ’

2nd biomass systems are minimal. Qvera
for a

4

ble h"):?those of an all-nuclear society. . _ <

. .

‘Stt;rage ranks high among’the unce:.taih"\ies\-j.ti;ie;t".__imbpede thef use of
.“have been performed,

long-term gnergy soutces. Although*studie

- Aone has y@ustablished which storage systems will 'have an economic

: ﬁil’l_ib.g__waard th; Sun

R

‘edge. It Is cledr, howevew, that storage jdevi{? should be carefully'
keyed to the actual quality %of enerEy needed #r a particular end-use,
and that electricity .should never b

uiring only low-grade heat. In storage as in epergy production it-
‘ﬁi“thermod'ynan}ics will be ¢rucial. s r

L4

v o . . . . ’ .
Weé are not running out of energy. But we are running out of cheap
oil and gas. We are'funning’ out of money, to pay fof doubling. and,
redoubling an already vast energy supply- system. Weare rufining out -

- . ..:,1_..'_v Ala. E : Qe

BN
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e produeédd and stored for a job .

the storage’ requirements

¢

ce

-society based on renewable enérgy sourdes may prove compara- R
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energy expansion. We are
needsed

Ii.“ . . ‘ |
A
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‘of political willingness to_accept the social costs of continued rapid
running out of the environmental capacity

‘to handle the. pollutants generated in conventional energy .

réalities.

Hﬂmankina i

‘ptoduction. And we are runnigid-out of time to adjust to these new

s no closer today than it was two decades ago to finding

a'--?!%la'cement for oil, and the rhetbric

" problem that
our crisis. -Oi
today with tomorrow, an

A%

Side

. The energyicrisis d
theless be formulated
. The world will not undergo a major
_undergoing fundamental social an

some energy

If small-scale, decentralized

embraced, f

e energy ''crisis”’
energy policy continues to

il an

is still not being translated (nto acﬂon“,m;Mgst's
be fsamed as though it v {
our cfrandchi'ldren will inherit. But the engrg?' crisis i$’
natural gas are our principal means o

d'we are burning our bridges. =

that public officials lavish up-

-

I,

ere addredeini.a

bridging

,

emands rapid decisions, but ‘policies must neyer-
with an eye to their wide-reaching implications.

energy transition without also .

d political changes. The changes

alternatives dictate may ll:;f preferable to others, but some

_form of fundamental chapge is inevitable.*." om
£r‘gy' te

aspects of modern lif

. would begin to)rely on wind power, s _
sion. technologies to supply a large fractton of their energy needs..:

renewable-

E o
chinologies  were - .
e would go unaffected. Farms -
olar heaters, and waste colwer-",

Food “stprage and: ﬁre aration would,similarly grow dependent upon -
no

- ‘solar-powered - tec
-industtial we
. -become more

In the new-

petroleum base even as impr
city. planning began to el

and load fact
port modes,

- would begin¥t
- as well ‘as o
wherevéf possible from truc

. especially trai

Ly
i

114 woild drop, and the

nergy-efficient ang Iess pervasive in its impact on diets.
nergy-efficient ang Qs P Ea e P

hologies.: Gradually,” meat~ consumption in the

ood-processing industry would .

energy era, transportation wo Id be ‘weaned fr its.
- : Y ' .

ors would become import

ed commuaications -and intelligent"
iminate ‘pointless thavel. Energy efficiency

ant criteria in evaluating trans-

nd the costs of travel would reflect these values.:Bicycles

o account for an important fraction of commuter traffic,

f other:short trips. And freight would be transferred

ns and ships.

ks and planes onto more efficient. modes,
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“If wie'were tosopt for the best renewable-energy technologies, build- -
. n%i‘a}uld be engineered to take:full-advantage of their environmenfs.
Muré and more of the energy ‘néeted for heati ,
l!eaetived directa' from the sun. Using ‘low-£st phototoltaicsathat
M‘bb;iv.’prt sunlight directly into electricity, many buildings .could even-
- tually become energy ‘self-sufficient. New jobs and professions would »
develop around- the ‘effort to ’exFloi't sunfight, agd ¢ourts would be
o

\

‘forted to consdider the “right building owners not”to have their |
{'"‘.'P:umhine blocked by neighboring structures. )

?While industry would doubtlessaturri to, coal for much wffit‘gﬁhé&'g'y
during the transition pegjod, eventually it would also draw-it§ pri-

. mary en from naturaT flows. "Fhus, energy availability would play .
an importait¥ role in determining the locations of future factories. The

- sunishine-rich.nafions of the Third World, where raw materials and

renewable .energy isdurces are most plentifudrould become new cen-

térs- of economic productivity. The across-thé-board 'substitution aof;.

" cheap fuel for human laboc would be halted. Recycle%metvals, fibers,: -

._' other materials would become principal sources of raw materials®
een as energy repositories, manufactured products would necessari- -

become more durable and would be designed to be easily repaired

d recycled. - ) S '

Using small, decentralized, and safe technologies makes sense from
‘'a systems-managément. point! of view. Small units could be added-
incrementally /if risihg demands required them} and they would.be
much easier than'large new facilities to -integrate smootily into an

__energy system. Small, simple -sources could 'be installed in’ a ‘matter

of “weeks or months; -large, complex facilities' often require years
_and even decades to erect. If gigantic power plants were displaced by
thousands of smaller units dispersed near the points of end-use, econ-
omies of size would become Telatively less impqrtant vis-a-vis eco-
_ nomies of mass production. Technology woul (Siain concern ‘itself .~
with simpligity and elegance, and-vast systems wit
i!'.\_echanism.:\vo,uld become extihct as more appropriately scaled facili- -
-ties evolved.®” B o :

‘To decentralize power sources is in a sense to act upon the principle
o} "’safety in numbers.” When large amounts of- powet are produced

» ~

g and cooling would §3 .

« .

elaborate control ‘..« ¢
.
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64 is centralized, those seeking

o . : .
s . . + o

S
-

Y s

. .
at indibidual facilities or clusters of plants, the cominue&& yeration
of these plants becomes’ crucial to society. Where energy prp??ui:gon
“coerce or simply to ‘disrupt the.com-
- vunity can easily acquire conslderable leverage: for ex le, a leader
- 8F the* British electrical workess~gecently noted that I"the miners
~ brought the country to.its knees i ‘eight ‘weeks,” but that his co-
. workers ““could, do’ it in eight mifutes.” Disruption need n% be .

iftensional eithel. Human error or natural phenomena can easilft'u
ﬂ';&?f;‘agile energy networks that serve wide areas, while use of diverse
+. " decentralized sources cauld practically eliminate such problems.
. N .

-~

>. matically pfoduce devices that meet. the diverse needs of the wdrld's

peoples. Every technology embodies the valdes and conditions of the
- “society it was designed to serve. Most significant research’ on sustain-
~able %nergy sources has been' carried out in industrialized countries; -
" ‘technological advances have therefore reflected the need$ of societies
;With temperate climates. high-per capita.intomes. abupdant material
resources, sophisticated. technical .infrastructures; ensive labor,
od communicatiory and - transpottation” systems well-trained -
maintenance persannel. Such .societies " are, . wire
indeed, two-thirds of. the U.S. solar enetgy research

) et. is-devated
©  to.the generation of electricity.®® : .

"

Clearly, some of iﬁ‘.findings of research conducted in such nations
are not easily or wilaly transferred to societt® with tropical climates,
" low ‘per -capita incofnes, few material resources, stunted technical
" infrastractures, cheak labor, poor, communications, and only fledg-
ling maintenance fosfes. Most people in the world do not have electri- -

'up..:v",'.,r :

.- "Hgwevet, research on direct and indirect sglar sources will.nét auto-

" electricity— .

-

" cal outlets or anything to plug into them. What they need are cheap®

"1 reolar  cookers, inexpensive irrigatian pumps, sitnple crop dfyers,-
.small solar furnaces.to fite bricks, and other basic tools. ‘

.

.- major solar research”and developinent effort on the part of the in-
dustrialized world cannot speak to the true needs of the poorer *

countrjes.  This argument contains a kernel of truth in a husk of .
misundefStanding. Countries can choose to learn from each: other’s
o ¥ . A

Gty R T A - S ot

‘..--' g V} ".“ . ot ¢ T ) . NP , . / Lo e
:',_" : : b. foe 66 ) - . . - .-.,

[N . . -

“With the traps of technology transfer in‘mind, some argue that a’
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“Most people in the world.do not
"+, have electrical outlets or anything to
SRR “ 0w plug tnto them. '’

s,

¥ through the lens. of Its own unique culture, resources, geography,:
e and ‘I.l"uhthutiom. The differénces between such ir‘fdustrihli'zejolan 1s as
‘Japan and France merit note, but the differences between some Third-:
£+ YN fﬁoumri 1pay be more striking than the similarities. Surjgam
" (with,a0\-annual .per capita income of $810) has energy problems and
. potential solutions, that: bear little. resemblance..tg’ tﬁo;e of Rwanda
" {with: :ln‘_annrl:l t capita {ncome of about'?\ibo. And national
7+ -wealth 48 not the only relevant difference. The tasks tor which energy-

¥ LES

T AT

*.. is needed viry from country té country. In 'some, the most pressing

" need may be for. energy to run the pumps that/bring water from a

i deep water table to the parched surface. In lands\with more- abundant -
. water supplies, cooking fuel may be’in desperately short supply. The .

. availability of sustainable resources may also differ. One region may

.. have ample hydropower potential, another strong winds, and a third

Er'o_fuu direct; sunlight. - Successful technology transfers tequire a
een sensitiviby to such differences. .o

* “Some  disillusioned " solar researchers in both indyEtrialized and

_"n‘gurian' countries contend. that the major ir,npedime%lf to solar de:

i

w#wﬂmm but. each country must view borrowed knqwledg'e‘?- »

65

] .

lopment has been neither tethnical (the devites work) nog economic. -

- {many simple devices can be cheaply made). Iritead," theyjclaim, the
,.','Krob'lems,have sogial and cultural roots, "Many. Third We#ld leaders
~ have not wanted to settle for “secondlrate’™ trenewablf energy re-
sources while the industrial world flourisked on'dil ayg/nucléar pow-
er. Often, officials in charge of new .technblogies, such as windmills, -

haye been ‘unable to firtd technicians who could maintain and repair -

. -Tthe,systems. Occasionally, people’ given sotar equipment have re-

=+ fused to. use it because the rigid time requirements of solar technoloi); ve

_f',»-“'disru' ted their daily routines or because the direct yse of sunlig

;- defied their cultural traditions. ' 4

‘z'Ma’,ny of these attitudinal impediments may now be vanishin as' the ,

: 'global South begins to develop its own research and development

< may prove quite compatible with Third Warld needs. Brazil's large
_ ethanol program, India’s gobar gas plants, and the Middle East’s
growing fascination with solar electric technologies can all' bode
o 67. |

S <

" capacity. e indigenous technologies born of this new capability »

’
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N well fotithe future of.renewable energy resources. At the same time, .

_ . .the, people of .the Third World, stunned b{ a simultaneous shortage

- 66 “of firgwood and petroleunt, may be more willing than they wege a few ...

5.7 years ago to adopt soldr solutions. " Cea g

! -

Y. Inm h of the global North as well, solar echn'olpﬁies are being em-

2" braced’, as important‘future options.'In Japan, the Spviet Union,

© ' France, and the United States,” renewable resources are .increasifigly .

“ being. viewed a8 major components of futuge energy planning. Some

.. of the innovative research in these countries c’o_uﬁgwell hold global

L0 significancen. Lt v oL w b mAE Lo
L : Yy o CoLT

. .
BN L o

" ."The-"ittﬁaéipn;s -of sunlight, wind, rinning water, and-green plants |
. as energy BOW ,:?la‘r,e?sélf-evidtnt. Had indush‘i?_ civilization beery
 ibuilt upon. sygh forms of ‘energy “income” instea “of on the energf’:
g . Istored in-fossil fuels, any pro sal to convert to coal or uranium. :
# .. ' the world’s future energy’ WOuYEdou_btless be viewed-with increduldus
ihorror. The current prospect, however, is the reverse—a shift from
- ltrouble-ridden-sources to; more attractive ones. Of the possible. worlds
<. ;we might choose to build, a‘solar-powered one appears most inviting.
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In’ many Third World, countries, firewood, dung; and crop residues constitu
90 'percert of all energy use.. Calculations regarding the magnitude ‘of this
“usage can be found in Arjun Makhijani and ‘Alan Poole, Energy and Agri-

... Earl, Forest Energy and Economic Development (Oxford: Clarendon Press,
1975). “‘Hydropower” ranks next, providing more than ‘one-fifth of all-elec-
“utricity and about 3 percent of all end-use energs,. See United Nations, World .
. Energy Supplies: 1950-1974 (New York: Dépaifinent of Economic and So-
- cial fairs, 1976)., .. ' - o ’ :

. N . . . L RN
: F. de ,Winter and J.W. inter, eds., Description of the Solar Energy

WR&D Program$ in Many ons (Santa Clara, California: Atlas Corpora- .
" tion, Pebruary 1976). : -

3. 1 am indebted to Professor Theodore Taylor of Princeton University for

- suggesting this analysis. More “information on tie CO: problem can be ob-
tained in Stephen H. Schneider, The Genesis Strategy: Climate and Global

"~'Survival (New York: Plenum Press, 1976); Bert Bolin, Energy and Climate,
(Stockholm: Secretariate for Future Studies, 1975); W.S. Broeker, "'Cli-
mate Change: Are We on the Brink of a Pronounced Global Warming?”
Science,. August 8,71975; P.E. Damon and S.M. Kunen, “Global Cooling?”
Science, August 6, 1976. The problems associated with a‘plutonium econ-
oiny are elaborated in Denis Hayes- Nuclear Power: The Fifth Horseman
(Washington, D.C.: Worldwg:tch Institute, 1976). , . :

4. An oveiview of the major cbmponents of the U.S. fusion program can be
obtained from the Energy. Rese rcﬁ and Development” Adminisiration, .Fusion
+ Power by Magnetic Confinemknt Program Plan, Volumes I, I, III, and IV*
(Washington, D:C.: July 1976). For an excellent syrvey of the technical
problems faced by fusion written from an optomistic viewpoint, see David
J. Rose-and Michael Feirtag, “The Prospect for Fusion,” Technology Review,
= December 1976. For a more.skeptical appraisal, see the ‘three:part. Series by
William Metz,- “Fusion Power: What is the Prb%ram Buying tEe Country?”
Science, Juiie 25, 1976; "'Fusion Research: Detailed Reactor Studies Identify

More Problems,” Scienice, July 2, 1976; “Fusion Research: Njgw Interest in . - y

.. Fusion-Assisted Breeders,” Science, July 23, 1976.

)

‘By far the largest fraction of current commercial solar usage is of biomaég,, :

67

H culture in the Third World (Cambridge, Mass.: Ballinger, 1975), and D.F.
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. Stewart' W. Herman and James S. Canngn, .Energy Futures- (New: ¥ior

“ber 1975, and Steve Baer, "'Clotheslin

.E. McKelvey. "Solar Energy in Ea
. 197s. .-

" ment of the ERDA

{cg_mb'er 1973)i-

- . K. : S .

L . ‘- .
) ~ - ’ - .

. 1 <. . t . v
A

DX 2y

S..Comprehensive overviews of solar éné;é;':can be found in Farrington
‘Daniels,.,Direct Use of the Sun's Energy (New York:. Ballantine . Books,.

1974) and B.J. Brinkworth, Solar Ereérgy-for Man (New York: John Wiley

? -and Sons, 1972). TwWb more recent articles in- Technology Review provide
<-i. gxcellent analyses of fhe solar potential: Walter E. Morrow, Jr., “Solaf Ener-
" gy: Its Time is Near,” December 1973, and John B. Goodenough, “The Op-
tions for Using the Sun,” Octobér-November 1976. The ‘most exhaustive .
- survey of. &l renewable energy technologies remains Wilson Clark, Energy

fof Survival (Garden City, New York: Anchor Prels/Doubleday, 1974). A
recentéurvey of U.S. corporate interést in several of these tec ’x"_noloiies is

: In-
‘form, Inc.. 1976).

N . .

——— w .

6. Insight into the many vital but unnoticed functions performed for human-
find by the sun can be gleaned from Frank Von Hippel and Robert H. Wil-
jams, ‘‘Solar Technologies,” Bulleti"pg:of the ~Atomic Scientists, Novem-

Paradox,”’ The Elements, November
1975. The temperature estimate for g.sunless earth was providgd. in Vincent

~

7.John V. Krutilla and R. Talbot Page, “’Energy. Policy. from' an. Environ-
mental Perspective,” in Robert J. Kalter-ahd William"Ax. Vogely, eds:, Energy
Supply and Govergment Policy (Ithaca,~N.Y.: G@ell University Press,
1976); John S. Reufl, et al; A Preliminary Social wnd Environmenta{ Assess-
lap Buergy Program 1975-2028, Vols. I and 11 (Menlo
Park, California: The Stanfor Rﬁﬁearch Institute, 1976) found ‘solar tech-
nologies to be environmentally att@tive compared to the alternatives. - .
9 . .. 4

8. Hans 'H. Landsberg, "Lowfﬁ‘ost“x'i:;u;ndant Energy: Paradise Lost?’),
(Washington, D.C.: Resources fo; the Future Reprint Number 112, De-

A

9. The ‘U.S. Federal Ener y Admiﬁ'iﬁtravtion publishes a semi-annual Sufve;t/

of Splar ‘Qollector Manufacturing Activity; the 1977 estimate is by Ronald
Peterson, Director of Grummon'Edergy Systems, ong of the largest manu-
fdcturers of solar collectors, = e ) - . :

~10." Largely ,because conventional fuels g)ose transportation gnd distribution.
: problems, the largest immediate market
strangely enough, be in the ‘world's poorest couglries. Charles, Weiss,and .

Simon Pak, "Develoting Country Applications of -Photovdltite Cells,”gpre-

sented to .the. ERD

tional Solar Photovoltaic Program#Review’ Meétin
San Diego, Califarnia, B 2 Lo .

Wdary 2051976, . @ - .

or éxpensive photovoltaic _cells*g,\ay,‘

fth* Processes,” Technology#Review, April
H ¢ t B A
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3 L Baughman and D.). vﬁottaro Elecmc Power J nsmission and st-
itition. Systems: Costs and Their Allocanon (Ausn University of Texas
Cen‘tenfor? nergy Studxcs July 1975) . o < . L

2.-Al ”excellent explorahon of the concept of thermodynamnc matchmg is- ™
fl'l Ef nt- Use of Enerﬁy A Physncs Perspective,” The American Physical
1nuary 1975. ( Enmed in U.S, House of Represeittatives, ‘Com-"
Science and’ Technology )\ Part "I, ERDA Authorization Hparings, 3

Febttfary 18,.1975). Sxmpletvexpéﬁmt(an, b&™faund, in Barry Commoner, /

The. Poverty of Power (New Alfred A. f, 1976),and Degi
Hayes, Energy: The Case for onservgtmn w mgton DC Wor L/

watch-Institute, January 1976). P

D..

13, 'dAmory, B.. Lovins, chalq&Centrahzahon E[éttnfncan
Bystems,” presented to @ Symposium onFuture Strategies. of Enurgd
pment, Oak Ridge, Tennessee, tober 20-21, 1976. The Canadfs
4 ‘~"Btplonng Ener thcnen Futures for nada, Conse
‘Notes, ay_June 1976. - . 7 R

3 Mh yg ully expjored in John" S Reuyl et alt,)A. Pre- )
fa#y” Sacial andAEnviron ental Rgsessment of*the ER’DA Solar Ewgrgy \
A gram 1975-2020, Amory B. kéviny “E Strategy: The Road Npt = °
3 aken? FJengn ffaus,\Oc:pb ; ess directly by Rufus E. Miles, . "
Atqake ing. from the Ametiga "The Social and Polmcal Limjts jo * =« -
rowth {New York: Univers , 197p); Bruce Hagnon, “Energy, Land

Equxty presented Yo the— " American.
ashing'tpn,' D.C - /) d William Op
‘ oliti:; : Scam an Frangisco eeman and Co :
) 15 Among thelr § '<

Vg late’olfbctors have a Bifgh net ‘*epergy .
fll delivef enough ene fh less than one)
ufagtute. Moreqver,.if collec
reduc&dramatnally Geg

ews

 yield: A \convenhonal collector -
’ year to back thé energyMused in its,
the, energy 'lfe&qmgxﬁments




hn. A. Duffie and Willia 3 )
o ce, Vol: 191, No. 4223,5an . A fine_ ghotg i ;
.of feveral U.S. solar homes can _ Jon Na;z
- D@gn for a Limited Planet (Ddgw *York: Ballantine Books, 1976). A more
" colnprehensive surfey is W.A. Shurcliff, Solar Heated Buildings: A Brief
.. <S#rvey, 13thcedition n Oliego: Solar Enewy Digest, 1977). Active ap- |
groac es to sbla g are described in Rz Shurcliff, " Active-Type
" ") -Solar.Heating Systems for Houses: A Technology in Ferment,” Bulletin of

the Atomic Scientists, February 1976."Passive solar design is £xplained in’
--2.; Raymond W. Bliss, “Why Not Just Build the House Rightjin the First Place?”
< Bu?;etin of the Atomic Scientists, March 1976, and by Bruce Anderson, “Fow
"s- -+ Impact Solutions,’” Solar Age, September 1976. :

~"Thermal. Storage in Sodium Thiosulfate Pentahydrate,” pre;
mmission Engineering Conference, Uni-.»

.. 17, M: T
sented to” Infersociety Energy Co
o versiv;xf.Del ware, August 18, 1975. . )
PR . ; : B _ i
- ~&' 18. ‘H.C. YiscHer, ed., Summary of the Annual Cycle Energy System Work-
" shop I (Oak RiYge, Tennessee: Oak Ridge National Laboratory, July 1976).
- 19, Complete information on and specifications for this air conditioning sys-.
\ ‘tem aré available Jrom the ‘Yazaki Buhin&Company, Ltd., 390, Umeda Kosai

City, Shizuoka:Prefecture, Japan, . -

3 8 . - . . -

%&é 20. The Mitre Corporation, An Economic Analysis of Solar Water and Space -

"7 " Heating (Waghington, D.C.: Energy Resear®h and DevFlopm'ent Adminis- *
"- ' tration, November 1976); R.A."Tybout and G.O.G. Loff, "*Solar House Heat-

v ing,"”” Natural Resources Journal, Vol. 10, No. 2,'April 1970, v
21. This is the most persuasive argument available to those who favor utility
investments in solar, technologies and conservation. A utility should in
theory be willing to make electricity-saving investments up to the high

* marginal cost-of new power plants, w ereas't%\e consumer will want to make
only. those investments that are sensible .in light of average- electrical bills:.
Arguments against such utility involvement are generally based on the as-"*
sumption that the utility will -charge high prices for equipment and labor
while demanding an exorbitant rate-of-return on fts investment. In parts of
the world where utilities are govérnment-regulated, this argument loses much
of its force. : Coe T
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22. ‘Frost and Sullivan, The U.S. Solar Power Market, Report No. 348, New
York, 1975. Frost and Sullivan estimates the total annual U.S. solar market = .
for»1985, including wind power and biomass, at $10 billion. In its A Nation“-\71<-
e y-Efficient. Buildings by 1990 (Washington, D.C.: 1975), the Amer-
“[AWitute of Architects calculatés that an ambitious program of .conser-
ation and ‘solar: development could save the Unifed States tle equivalent of
2.5 million barrels of oil a day in 1990. The institutional obstacles such
‘rapid solar development would-errmme are discussed in R. Schoen,
A.S. Hirshberg, and ]. Weingarew Energy Technology for Buildings

(Cambridge; Mass.: Ballinger, 1975). - . - ,

23. Multiple‘«effect 'soiar‘ stills are’ desggibed in "’Solar Desalting Process”
‘Breakthroughs,” Solar Energy Digest, Jurie 1976. , .,

-24_. ’.;French Sola.r-Pov‘vere'd Irrigation - Pump Installed -in ‘Mexicas’’ Solar
. “Energy Digest, Bebruary 1976 T o

.

5 D. Procter and R.F. Whise\' The. Applitation of Solar Energy in the Food
- “Processing Industry;” presgnted te a, meetin% of the Australian and New , %
"Zealand Sections of I.S.E.S Melboornd, Australia, July2, 1975 * .. » o

gmic Potentidl-of .Sola,; -Th{rm’al' &
. (Warrefton, Virginia: Inter-iy
ijing sofar collector can qufity, .

-

. 26. Malcolm Fraser, Analysis of t,h} Eco
.- Energy . to .Provide  Industrial Procéps
" technology Corporation, 1977). ‘A" cd
~-—easily obtain a temperature of 288°C.
B . . L] -

.- 27! The énergy demand projections used by

Development Administration to justify a am Q-
were carefully analyzed by Frank von,Hirp { lose CEnergy, . Y
: Waste and Nuclear Bower Growth,” Bulletin of the Atomic, S lsts, Qes . 4
cember 1976. The authors found that the projections Hemapded usé of” *

electricity for virtually everything. The most egregious exarfiplé: of -electr? g;_ -y
padding’ was for industrial process heat. Virtally no electficity is used thi

- way today; yet the projections show the 2020 electrical defhand for process b
“he&t to be larger than t{\at for all electricity used,in‘thg entive US: econongy”
in 1975. Fraser, in Analysis of the Economic Potential, found that
energy could be provided by direct solar heating; most of tHilr

" can be more easily obtained from biomass or other fuels t!ra

' 23._ Aden Baker Meinel and Marjorie Pettit Meinel, Powe\?f
+ (Tucson, Arizona: privately published, 1970). : ' .
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Lo L L L TETR ~,):_ : PR
. 292 ‘Arguments for closed-cygle ¢ TECg ean &€ fou

‘ nd in U.S¥House of Rep- -
resentatives, ‘Subcommittee on’ Energy, of 'the Commitiee -on Bcience and
" Astronadtics, Solar Sea Thermal Power, Hearings, May§g3.:1974. Open-cycle
.OTECs are adypcated in Earl J. Beck, 'Ocean Thermal ‘Gradient Hydraulic

, --"-Power Plant,”” @ence, July 25,1975,-and in Clarence er and John Fetko- -
;. . vitch, "an:n S53ar Sea Power Plant,” Science, ]u.l;g 25, 1995 .

30. An excellent Yeries. of papers was prepared Under the auspices of,the’
-Amerigag Society of International Law for. the 1976 Workshop on Legal,
PolitichI7and Institutional Aspects of Ocean Therma] Energy Conversion.
Of particular interést is Carlos Stern’s skeptical paper, “An Economic As-
sessment of Ocean Thermal Energy Conversion.”” For a more optimistic ds-
. sessinent. of OTEC economics, see Clarence Zener, “Solar Sea Power,” ‘Bul-
letin of the Atomiccientists, January 1976. . . c

- ( . . N
~31. R.H. Williams, “The Greenhouse Effect for Ocean.Based Solar Energy
Systems,”” Working Paper No. 21, Center for Environmeéntal Studies, Prjnce-
_ ton University, October 1975. ' -

*32. An excellent introducfion to ‘photovoltaics can be found in Buce Chal- -

" mers, "“The Photovoltaic Generation of .Electrichy,” Scientific -American,
", October 1976. For a more detailed treatment see Joseph A. Merrigan; -Sun- -
light to Electricity: Prospects for Soldr Energy Conversion by Photovol-
taics’(Cambridge, Mass.:. MIT Press, 1975). " - L .

_33. A-recefit technical survey of phatovoltaic materials and techniqys can
. - be found in the-2-volume Progeedings of the E.R.D.A. Solar Photévoltaic
Program Review Meeting, A:}ust 3-6,° 1976 * (Springfield, Virginia: Nas

- tional Techrfical Information Serfice, 1976). .

.34. See, for"'éxample, the testimony of Paul Rappaport and others in Solar
- Photovoltgic Energy, Subcommittee on Ehergy of the House Committee on
Science and Astfbnautics, Washington, D.C., Hearingg, June 6 and 11, 1974.

-3S. A useful overview of the Japanese program is provided by Akira Uehara,

“Solar. Energy Research and Development in Quest for New Energy
o ?lgufces,",Technncrat, Vol. 9, No. 3. See also -Japan’s Sunshine Project
okyo: MITI Agency of Industrial Science and Technology. 1975).
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¥: 36. The two-year
: more than 20 years)\ has ome conventional wisdom among the silicog,
‘photovoltaic specialists\ See,’for example, Martin Wolfe, ""Methods for Low-
~Cost” Manufacture of Yntegrated Solar .Arrays,” and P.A. 'Iles,” “Energy
= ; Economics in Solar Cell Rrocessing,” - both in-Proceedings .of the Sympogium.
. :on ‘the Material Science Adpects of Thin Bm Systems for Solar Energy Con-

yback .peridd (forycells with an expected lifetime of .

73

. version,sMay. 20-24, Tuscon, Arizona (Washington, D.C.: National Science - -

- ~Foundation, 1974). The calculations b Slesser and dounam based upon a
*""two-year payback are in M: Slesser and I. Hounam, “Solar Energy Breeders,”

;- Nature, July 22, 1976. E.L. Ralph, Vice President for Research at Spectrolab, -

claims that his company’s cells new have a payback period of 87 days, and

that the theoretical minimum woyld be on’ the order of 30 hours, according
" fo'a personal communication with Pr. Peter Glaser of Arthur D. Little. i

37. Ph‘atovoltaics'éould, of course;. also be used in highly centralized arrays
_in areas of high insulation. The advantages of decentralization are more so-
“"cial than technical. At the extreme are propgsals to obtain large &mounts. of

energy from photovoltaic cells on orbiting satellites, with the energy beamed

down to Earth via microwaves. The idea was first suggested by Peter Glaser,

“Power from the Sun: Its Future,”” Science, November 1968,.and has more

recently been popularized by Gerald K. O’Neill. “Space Celonization and

Energy Supply to the Earth,” Co-Evolution Quarterly, Fall 1975. The con-

cept appears tp have no insurmountable technical flaws, but is of dubious

desirabiKty. Simple, decentralized terrestrial uses of photovoltaics have far’
" more to recommend them. i .

L
" 38. The’latgest of these sailing vessels captured about ¥our megawatts. of
wer_frogh ‘the wind. 1 _am indebted to Professor Frank von Hippel of
University for several of the ideas in this section. ’

,-: Apithe history\of wind power can be .found in Volta Torrey,

39.

Wi s WBrattleboro, Vermont: ‘Stephen Green  Press, 1976); EW.

Goldj s8nevation of Electricity by Wind Power (New York: Philo-

sophifat, 3Ty, 1955); John Reynolds, Windmills and Watermills (New

York YBLGeger3970); A.T.H. Gross, Wind Power Usage in Europe (Spring- .
¢ field, a..“NationaL;Technical Information Service, 1974). " C .-y

* - 40, Palmer C? Putr{ﬁ}n':'-l,?_o‘wer“l-'rom the Wind (New York: Van Nostrand -
+ Co., 1948 ST o - : ' '
. 41. Don Hinrichsen and Patrick Cawood, “Fresh Breeze for Denmark’s

Windmills,” New Scientist, June 10, 1976. N :
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" 42, Herman and Cannon,. Energy' Futures; see also Marshal F. Mefriam:' N
‘ "Wind Energy for Human Needs,” Technology Review, January. 1977.

74 " 43. Frank Eldridge,ﬁ'\’ind Machines (Washington, D.C.: U.S. Government . -
~—4: - Priping Office, 1976). ‘Another good .survey of current wind technologies -
2w (and stora%ef technologies) is J.M: Savipo, ed., Wind Energy Conversion

~z " Systems: First Workshop Proceedings (Washington, D.C.: U.5. Govern-

“" mentPrinting Office, 1973).

.. S Ve . . . . ’

_ < 44. JA ‘Potworowski and B. Henry, "Harnessin the Wind,” Conserver
W Sogigty. Notes, Fall 1976. The cost estimate is from R.S. Rangi, et al,
- “Wind Power and the Vertical-Axis Wind Twrbine Developed at the Na-
& tional Resdarch Council,”” DME/NAE Quarterly Bullggll, No. 1974(2). . -

-

-45.-].T. Yert, "Tornado-Type Wind Energy Systems:\Basic Cansiderations,”

, * presénted to the International Symposium on Wind ‘Energy Systems, St.
John's College, Cambridge, England, September 7-9, 13\76... s

46. Cost estimates can be found in Fe/d_'eral ‘Energy Administration, Pro o .
Independence Final . Task Force Report on 'So%ar Energy (Washington, .. ..
D.C.: US. Government Printing Office, 1974); somewhat more optimistic
estimates are in David,R. Inglis. “Wind Power Now!"’ Bulletin of the Atomic

* . Scientists, October 1975, ang Bent Sgrensen, “Wind Energy,” Bulletin of the
Atomic Scientists, September \1976. . :

A

" 47. Edward N. Lotentz, The Nature and Theery of the General Circulation
— of the Atmosphere (Geneva: Worl& Metero bgical Organization, 1967).

" 48. A small fggction of the planet's wind produges some 150 million square

miles of ocean waves. Britain’'y DepaMment of Energy .is spending a million

. dollars a year on experimental bfforts to tap the waves that constantly break

v along Britain’s long, stormy coapts. Smaller fledgling programs\are under wa
- elsewhere too, notably in Japan and the Uniteg States. More jthan ‘100 dif’-,

_ ferent mechanical and hydraulic wave power devices have Jfeen proposed.
-+ . . Mechanical devices include the lopsided "ducks” designed byfStephen Salter

" of Edinburgh to obtain the maximum possible rock from passing waves, and)
the strings of contouring rafts, which work on ‘the same principle, that

* " Christopher Cockerell (the inventor of the Hovercrafy has proposed. The
‘Japaneése use an igverted box to capturé wave energy hydraulically. When
waves rise, air js & hed out of holef in the top of the box; as the wave falls,
~air is sucked in. These air currents fre now used to power Japanese naviga-
> tion tbuoys, and strings of such bokes may well be multiplied-into power-’
sources of commercial value in the near future. See S.H. Salter, ""Wave
Power,” Nature, June 21, 1974, and Michael Kenward, "Waves a Million,”

New Scientist, May 6, 1976. Yoo S
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_49. Hydropower resource estimatgs are clouded by uncertain data‘and am- .
-biguous definitions. For example, 'such estimates typically measure either the
maxintum generating capacity that is usable 95 percent o?' the year or else the
pacity usable under conditions of average annual flow. Although these fig-
ures.cun.differ |? as much -as 300 percent, those who make hygropower as-
“sessmienits often fail to state which figure they are using. This paper employs
-the more conservative 95 percent figure and then reduces it slarply to reflect
.new constraints’ being imposed by environmental and agricultural interests,
-and ‘also to reflect the. futility of damming silt-laden streams.that drain geo-
- Jogically unstable areas, The most comprehensive of the conventional hydro-
. .power resource estimates can be found in World Energy Conference, Survey
.- of Energy Resources (New York: privately published '?:)r. the World Energy -
v Conference, 1974). Ce e . c :
5. 50. A finéxs}ulrvey of shall-scale hydropower technologies appears in Robin .
. Saunders,, “Marnessing the Power of Water,” Energy Primer (Menlo Park,
> . California: Portola Institute, 1974). ' — v

s1. Vacla\f.Smil, " Intermediate Technology in China,”” Bulletin of the Atoni-
- -ic Scientists, Fe_bn’xal;y 1977. . it .

. S2. Erik Eckholm, Losing Ground: Environmental Stress and World Food
Prospects (New York: W.W. Norton, 1976). See also Ambio, "Special Issue
"."on Water,” Vol. 6, No. 1, 1977. ' '
» . . A .
. 83. H. Lieth and R.H. Whittaker, eds., Primary Productivity of the Biosphere
. &hlew York: Springer-Verlag, 1975);, D:E. Reichle, J.F. Franklin, and D.W.
ydall, eds.,” Productivity, of World "Ecosystems (Washington, D.C.: Na-
.tidnal Academy of Sciences, 1975);, E.E. Robertson and H.M. Lapp, “Gaseous
Fuels”” in Proceedings of a Conference on Capturing the Sun tnrough Bio-
- .conversion (Washington, D.C.: WashingtopCenter for Metropolitan Stud-
-ies, 1976).- : g - .

S4. Alan Pople.ﬁ}ﬁ_Ro . Williams, “Flower Power: Prospects for Photo-
: syn(lsﬁﬁc Energa 'etin .of the Atomic Scientists, May 1976; Makhijani
.. and le, B griculture in the Third World. | . .

. 55. P_.D.'v s on, -Pdia: The (Energy’ Sector“(Wash{ag!c'gn, D.C. ‘World



87. W.J. Jewell, H.R. Da\rls, et al., Bioconversion of Agriculftiral Wastes for
. “Pollution Control and Energy Conservaﬂon (Ithaca, New York Cornell
6- Umversrty 1976). .

58. Poole and Wnllrams Flower Power."

- 59, R.H. ittaker and Woodwell Producﬂvrty of Forest Ecosystems
‘(Paris: UNESCO, 1971).- @ . )

“60. Earl Forest Energy and Ecbnomic Development

614 Eckholm, The Other Energy Crisis: Fxrewood (Washrngton DC.:
Worldwatch Institute, 1975). :

. 62. ].S. Bethel and "G.F. Schreudep, /"Forest Resources: An Overvjew,"
Scxence, February 20, 1976. . .

63. SB Richardson, Forestry in Communxst China. (Baltlmore Maryland
* Johns Hopkins Press, 1966).

64. GC Szego 'and C.C. Kemp, The Ener’ Plantatlon " U.S. Housé of
_ Representatives, Subcommittee on Energy of the Commrttee on Science and

Astronauhcs Heanngs, June 13,1974 &i

- 65. IB ‘Grantham and T.H. Ellis, 'Pdentials of Wood for Producrng Ener-
\\_gy,“ ]ournal of Forestry, Vol. 72, No. 9, 1974.

66. Melvrn 'Calvin, ’Hydrocarbons Vla Photosynthesls, presented to the
-110th Rubber. Division Méeting of the American Chemical Society, San Fran-
. Gisco, October 5-8, 1976. Available from the American Chemical Society. ',

. 67. jA Allch and R.E. Inman, Effectrve Utilization of Solar Energy to Pro-
duce Clean Fuel (Menlo Park, California: Stanford Research lnstltute 1974)

68..B.C. Wolverton RM Barlow, and R.C. McDonald Applrcatron of Vas-
cular Aquatic Plants for Pollution Removal, Energy and Food Production in
a Biological System (Bay St. Louis, Mississippi: NASA, 1975); B.C. Wol-
verton, R.C. McDonald, and J. Gordon, Bioconversion of Water Hyacinths
/fo Methane Gas: Part | (Bay St. Louis, Mississppi: NASA, 1975). The -
Teport voicing skepticism about the U.S. potential is A.C. Roblnson JH..:
. Gorman, et % An Analysis of Market Potential of Water Hyacinth- Based
Systems for Munrcrpal Wastewater. Treatment (Columbus, Ohio: Battelle
Laboratones 1976). “3EE
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69" H.A. Wilcox, "Ocean Farming” in Capturing the Sun Through Biocon- ,
- version. For a less sanguine appraisal of the large ocean-farm concept, see ;

| John Ryther’s remarks in the same volume.
" 70. )J.T. Pfeffer, "Reclamation of Energy from Organic Refuse: Anaerobic a

Digestion Processes,”” presented to the Third National Congress. on Waste

\- Management and Resource Recovery, San Francisco, 1974; Afan Poole, “The .

|- Potential for Egergy Recovery From Organic Wastes,” in R.H. Williams, ed.,

. The Energy ‘Conservation Papers (Cambridge, Mass.: Ballinger, 1975). A

| good annotated bibliography of do-it-yourself books on biogas plants: ap-

. pears_in. Ken Darrow and Rick Pam, Appropriate Technology Sourcebook

\ (Stanford, California: Volunteers in Asia Press, 1976.) .

.‘u_71."Sr'nil, "Intermediate Technology in China.” : . . o

7. Report of the Preparatory Mission on Bio-g;zs Technology and Utiliza- .
_ tion (Manila: Economic and Social Commission for Asia and the Pacific,

73. Ram Bux Singh, Bio-Gas Plant (Ajitmal, Etawah, India: Gobar Research
Station Publication, 1971). _ ° .

7a. Poole and Williams, " Flower Power.” . ) S s

-

75. .C.R. Prasad, K.K. Prasad, and A.K.N. 'Reddy,."Bio as” Plants: Pros-
ects, Problems, and Tasks,” Economic and Political Weekly, Vol. IX, No.
-34,1974. L .

. R.N. Morse and J.R. Siemon,-Selar Energy for Australie: The Rolé of
Biological Conversion, presented to the Institution of Engineers,- Australia,
1975. S :

77. G.C. Floueke and P.H. McGauhey, “"Waste Materials,” in ].M. Hollan-
. d#.ed.,.Annual Review of Energy, Vol. ¥ (Palo Alto, California: Annual
. Reviews, Inc., 1976). S ’

78. For a good overview of the Brazilian ethanol program, see Allen L. Ham-
mond, "Alcohol: A Brazilian®Answer to the Energy Crisis,”” Science, Feb-

- ruary 11, 1997. American interest in methanol is surveyed in Edward Falter-
mayer, "The Clean Synthetic Fuel That's Already Here,” Fortune, Septem-
ber 1975. . : .

I
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79. Bent Sgrensen, “De entfa.b.:.lit of Wigd
\ge.” Seience, Navember 3

_ : [Energy. Geénerators with Short
Terin Energy Storage,’”” Science, November .

, 1976, -

80. Public Service Electric and Gas Company of New Jersey, An Assessment

. of Energy Storage Systems for Use by Electric Utilities (Palto Alto, Califor-

nia: Electric Power Research Institute, 1976).

81. C_lark, Ereréy for Survival. -

’

82. A comprehensive recent article by some of the foremost procronems‘of a
r

"hydrogen economy’’ is D.P. Gregory and J.B. Parghorn, "Hydrogen Ener~
gy.” in Jack M. Hollander, ed., Annual Review of Energy; ‘a somewhat more.

Source,” Nature, June 21, 1974. The fuel cell is a device that produces elec-
tricity directly from fuel through electrochemical reactions. Invented in 1839,
by Sir William Grove, the fuel cell has been put to practical use in the space
program. The United Technologies Corporation has embarked upon a $42-
million research effort to develop a commercial fuel cell, and U.S. utilities”
have already signed options for the first 56- units produced. Vigorous re-
search is also under way in many other countries. ' . s

Fuel cells &ave several major. advantages over conventional technologies. . -
" They invo

i e no combustion.and hence virtually no pollutants. Sixty-percent
conversion efficiencies are common, and 75-percent efficiencies“have been

- reported. Unlike cohventional power plants, fuel cells are as efficient with 3

3

-

- skeptical appraisal is in J.K. Dawson, Prospects for Hydrogen.as an.Energy .

partial load as-with a peak load. Moreover, their modular design shortens .

construction lead. times, since new modules can be added as needed. The use
of decentralized fuel cells would also save the expense of constructing power
lines from huge generating facilities, and would allow waste heat to be pro-

“ductively employed. Fuelicells are quiet, and they conserve water.

See R.S. Tantram, “Fuel Cells Past, Present, and Future,” Energy Policy.

. Vol.2,No. 1, March 1974

83:. H.C. i’lerbst', * Air Storage;Gas'»Turbiﬁe: A New Possibility of Peak Cur-

-.srent Production,” Proceedings of the Technical Conference on Storage.Sys-

tems for Secondary Energy, Stuttgart, Federal Republic of Germany, October
1974, For a broad overview of this technology, see also A.J. Giramonti and
R.D. Lessard, “Exploratory Evaluation of Compressed Air Storage Peak-
Power Systems,”” Energy Sources, Vol. 1, No. 3, 1974; and D.L. Ayers and
D-R. Hoover, “Gas Turbine Systems Using Underground Compressed Air.
Storage,” presented to. the American Power Conference, Chicago, April 29-

‘May 1, 1974.
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-.'ﬂ. Fritz 'R! Kalhammer and Thomas R. Schneidver::’:"

‘. Science, June 11,1976.

L

Jack M. Hollander, ed., Annual Review of Energy. See also Julian McCaull,

. " *“*Storing: the, Sun,”” Enyjronntent, June. 1976., Much interesting material con-
, :amiw'-ﬂ'ywheels and ‘other storage” devices can be found in ].M. Savino,
—ed., Wi

nd Energy Conversion Systems, First-Workshop Proceedings (Wash-

. ington,‘.D.C.: National Science Foundation, December 1973).

85.. A good survey of current battery prospects is in Kalhammer and

- Schneider, “Energy Storage.” Ariginteresting new: battery idea is described in
M.S. Whittingham; ’Electrical Energy Storage ahd Intercalation Chemistry,”’

? . . - : .
' . L . { .
86. For ‘example, some argue that storing energy from renewable sources

.". would require people to change their lifestyles to conform to the periodici?: '

. of suchssources. However, similar lifestyle adjustménts will attend the switc

. - to nuclear ‘as well as solar substitutes for-oil and gas. Storage costs will moti-

vate users of solar energy sources to schedule their energy-using activities for

. daylight hours. Similarly, the cost of storing nuclear powe#” will encourage

7
\

consumers to even out their daily energy use. In neither case is the require-
.ment absolute, but in both people will be rewarded for tailoring demands to
fit supplies. The social changes a successful solar transition entails are dis-

tussed more fully in Denis. Hayes, Rays of Hope: The Transition to a Post-

Petroleum World (New York: W:W. Norton, 1977)..

87. E.F. Schumacher, Small is Beautiful: Economics as if People Mattered
(New York: Harper and Row, 1973).

88. The proportion of U.S. funding bey‘)g applied- to solar electrical genera-
tion will decline in-fiscal year 1979. It is to be hoped that any cuts will be
aimed at the centralized options rather than at photovoltaic research. There
are not many research- goals as attractive as an inexpensivé; efficient photo-
voltaic cell. ’
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DENIS HAYES is a Senior Researcher with Worldwatch Institute and -
author of Rays of Hope: The Transition to a Post-Petroleum World
(W. W, Norton, 1977) “Wlis research encompasses alternative global
energy strategies, energy conservation, and nuclear proliferation. Pfi:
or to joining Worldwatch, he was director of the Illinois State Energy
Office, a guest scholar at the Woodrow Wilson Center of tl~|e'§r‘nit§1=
sonian, and head of Environmental Action. P
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